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TGGTGGACMCCTGAGGGGCMGTCGGGGCAGGGCTA^^ 
n]?.^.^?P.l^.^^^^^^^^^CCGCAGACGCT^^ 

n?S^?^A^^^^"^^^AGTGGGTGCTGCCCCCCACCCCTT^^^ 

CGCTACTACCAGAGGCAGCTGTCCAGCACATACCGGGACCTCCGG^^ 

GGTGTGTATGTGCCCTACACCCAGGGCAAGTGGGMGGG^^^^^ 

caccgacctggtaagcatcccccatggccccmSStca^^^^^ 

CAACATTGCTGCCATCACTGAATCAGACAAGTTCTTCAT^^^ 
MCTGGGAAGGCATCCTGGGGCTGGCCTATGCTGAGA^^^^ 
GACGACTCCCTGGAGCCmcmGACTCTCTGGTAMGCA^^^ 

rlrf^^^^J^^^^^^A^^'^^C^^AAGACGACTGmCA^^^^ 

CACAGTCATCCACGGGCACTGTTATGGGAGCTGTTATCATGGAGG^ 

^]^STTGTCTTTGATCGGGCCCGAAAACGAA-RGGCT^^ 

GCTTGCCATGTGCACGATGAGTTCAGGACGGCAGCGGTGG^^ 

mGTCACCTTGGACATGGAAGACTGTGGCTACMCATTC^^ 

atgagtcaaccctcatgaccatagcctatgtcaSgg^^ 

CCTCTTCATGCTGCCACTCTGCCTCATGGTGTGTCAG^^^ 

^^ctgcctgcgccagcagcatgatgacttS^ 



FIG. 1 A 
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TCTGCGGATCTCCCCTGACCGCTCTCCACAGCCCGG%;C^^^^ 
?SS?P^^°^^^^^^°CGTCCTGATGCCCCCAAGCTCCC^^^ 

??^?^SSS£^°^^^^^^^CATCCTGGTGGATACAG^^^^^ 

gggtgctgccccccaccccttcctgcatcgctactaccagaggcagctgtS 

CATACCGGGACCTCCGGAAGGGTGTGTATGTGCCCTACACCCAG^^ 

ggggagctgggcaccgacctggtaagca^tcc^^^^^^ 



°JJSS2,^9J®°®®^"^^®^^^atgctgagattgccaggcctgacgactccctgga 

GCCmcmGACTCTCTGGTAAAGCAGACCCACGTTCCCAACCTCTTCT^ 



TCAAGGCAGCCTCCTCCACGGAGAAGTTCCCTGATGG-TOTG^^^ 
CTGGTGTGCTGGCAAGCAGGCACCACCCCrrGGAACATTTTC^^^ 

GCTGCnGAAACTTCAGCCCTGAACCTTTGTCCACCATTCCTTTAAATT 
AMGTATTCTTCTmCTTAGmCAGAAGTACTGGCATC^^ 

^?I?JS^^^^^^'^°°"^ACCCTGGCAGAGAAGAGACCAAGCTfGT^^^^^ 

JJJJ^^^'^^^'^^^AGAGGATGCACAGTTTGCTAmGCTTTAG^^^ 

TAAACAAGCGTAACATTGGTGCAAAGATTGCCTCTTGAATr 



FIG. IB 
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MAQALPWLLLWMGAGVLPAHGTQHGIRLPLRSGLGGAPLGLRLP 

RETDEEPEEPGRRGSFVEMVDNLRGKSGQGYYVEMTVGSPPQT 

LNILVDTGSSNFAVGAAPHPFLHRYYQRQLSSTYRDLRKGVYVPY 

TQGKWEGELGTDLVSIPHGPNVTVRANIAAITESDKFFINGSNWE 

GILGLAYAEIARPDDSLEPFFDSLVKQTHVPNLFSLQLCGAGFPLN 

QSEVLASVGGSMIIGGIDHSLYTGSLWYTPIRREWYYEVIIVRVEIN 

GQDLKMDCKEYNYDKSIVDSGTTNLRLPKKVFEAAVKSIKAASST 

EKFPDGFWLGEQLVCWQAGTTPWNIFPVISLYLMGEVTNQSFRIT 

ILPQQYLRPVEDVATSQDDCYKFAISQSSTGTVMGAVIMEGFYVV 

FDRARKRIGFAVSACHVHDEFRTAAVEGPFVTLDMEDCGYNIPQ 

TDESTLMTIAYVMAAICALFMLPLCLMVCQWRCLRCLRQQHDDF 

ADDISLLK 

FIG. 2A 
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ETDEEPEEPGRRGSFVEMVDNLRGKSGQGYYVEMTVGSPPQT 

LNILVDTGSSNFAVGAAPHPFLHRYYQRQLSSTYRDLRKGVYVPY 

TQGKWEGELGTDLVSIPHGPNVTVRANIAAITESDKFFINGSNWE 

GILGLAYAEIARPDDSLEPFFDSLVKQTHVPNLFSLQLCGAGFPLN 

QSEVLASVGGSMIIGGIDHSLYTGSLWYTPIRREWYYEVIIVRVEIN 

GQDLKMDCKEYNYDKSIVDSGTTNLRLPKKVFEAAVKSIKAASST 

EKFPDGFWLGEQLVCWQAGTTPWNIFPVISLYLMGEVTNQSFRIT 

ILPQQYLRPVEDVATSQDDCYKFAISQSSTGTVMGAVIMEGFYW 

FDRARKRIGFAVSACHVHDEFRTAAVEGPFVTLDMEDCGYNIPQ 

TDESTLMTIAYVMAAICALFMLPLCLMVCQWRCLRCLRQQHDDF 
ADDISLLK 



FIG. 2B 



5/26 



FIG. 3A 



^YWFDRARKRrGFAVSACHVHDEFRTAAVEGPFVTLDMEDCGYNIPQTDED 



FIG.3B 

HI2^^'°^^'^'"'°S'^MVDNLRGKSGQGYYVEMT 

gfw^rarkrigfavsachvhdefrtaavegpfvtldmedcgynipqtded 
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GEC of recombinant B-secretase 
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ETOEEPEEPGRRGSFVettVDN 
GARACNGArCARGARCCHGARGARCCNGGNttGNttGNGGNWSMTTrCTltGARATGGTNCAYAAY 63 



I 3427^430 y 



( 3431-3434 | 



3448-3451 



5' primer set 2 



3452-3455 



3' primer set 2 



1<^HNC/primer set 1 



(3428+3433) 
54 bp product 



I^^HNC & IMR32/ primer set 2 



Y 



72 bp product 
sequence: 



&et2 



3460 
S* RACE primer 



CCCGAAGAGCCCGGCCGGAGGGGCAGCTTTGTCGA 35 
PEEPGRRGSFV 



ORF 



SWCe primer 
3459 



set 2 



FIG. 9 
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CTGTTGGGCTCGCGGTTGAGGACTy^CTCTTCGCGGTCTTTCCAGTACTCT 

TGGATCGGAAACCCGTCGGCCTCCGAACGGTACTCCGCCACCGAGGGACCT 

GAGCGAGTCCGCATCGACCGGATCGGAAAACCTCTCGACTGTTGGGGTGAG 

TACTCCCTCTCAAAAGCGGGCATGACTTCTGCGCTAAGATTGTCAGTTTCC 

AAAAACGAGGAGGATTTGATATTCACCTGGCCCGCGGTGATGCCTTTGAGG 

GTGGCCGCGTCCATCTGGTCAGAAAAGACAATCTTTTTGTTGTCAAGCTTG 

AGGTGTGGCAGGCTTGAGATCTGGCCATACACTTGAGTGACAATGACATCC 

ACTTTGCCTTTCTCTCCACAGGTGTCCACTCCCAGGTCCAACTGCAGGTCG 
ACTCTAGACCC 



FIG. IIA 



ULMGQtp 




pCEKI A 2 



FIG. 1 IB 
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FIG. 12 
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FIG. 13A 

1 TrCTCXTCTTIG*CAOCTTATC\T00CA(GAT^^ 

Sp«l 

w ^^A\»AC\TroATTATTCACTAGTTATrAAT^ 

CI^tCAOCITATCXX;>CrrTOCTACTTaXA^^ 

''^S TAOE^CTCACTATAOOC^ GACCCMOC iCIOl lVAAJLnU;UUiTro^QCaC^AACie^ IOXJUj lV ITia>CTACTCrtOQlTOEXJUUtfCai 

. . splice dofior 

*55 OXT^ACATTOTCWnTTai^AAAAOCACX^ 



1061 'I I lt^I'IWit.AA0CTTGAa^'IVIVXX>O0CTTGAG K 1ClXXXX:A 



splice acceptor 



U67 AACTCXjM XnaaCTCTAGAOCCOaXSAAT^^ 



1273 TOXXn'Cfi£X>OeX»J^XSCMXCOCUX^^^ 



1379 ccxx'iux:a«xcox\.u;gaccxxoou: ua^ 



1591 C*OCItfX:AOCCAGACrrOCiOGO(>OGCXXXAOC3^^ ATC C3CE CfcA OOC CIC 
l^Mei Ala CIO Ala Leu 

1690 OOC TOG CTC CTG CTC TOG ATG 03C OCX? OGA GTC CTC CCT OCXT CAC OOC AOC CAC OiC OCC ATC CC3C CTG COC CTC COC 
6» Pfo Tfp Leu Leu Leu Trp Mat Qy Ala Qy Val Lett Pfo Ala Ifia Giy Th r Gtn His Gly lie Arg Leu Pro Leo Atg 

1768 AOC OOC CTC 03G GOC OOC OOC CTC 000 CIO COG CIC OOC COC CNQ AQC CMC CXA CMS COC .CAQ GM3 OOC OOC 000 AOG 
32» Sef gy Uu Gly Qy Ala Pro Leu qy Leu Arg Leu Pro Ay g Qu Thr Asp Giu Glu Pro Glu Glu Pio Gly Arg Aig 

1846 OOCAOCTn-GIGG^GAlCCTOiWCAACCICAOGaXAACTOCOOCCWaCTftCT^ 
58» ay Ser Pne Wat au Mel Val Asp A»n Leu Arg Giy Lye Ser Gly an Qy Tyr Tyr Vml Qu Iwtet Thr Val Gly Ser 

1924 aXaXJCWAOGClCAACATCCroCKIGATACAOQCACKACTRACTrrOCAGTGOCT 

e4» PfO Pro On -Rif Leu Asn lie Leu Val Asp T>tf Gly Set Sef Asn Phe Ala Vai Qy Alt Ala Pro Ha Pro Phe Leu 

2002 CAT OKTAC^OaAOCCMSCTQTOCAJXAC\T»:oaCGMCCICOaOAM:aCTGrc 
UO» Hi« Arg Tyi Tyr CI n Arg Gin Leu Ser Sef Thf Tyf Arg A sp teu Arg Lys Oy Vtet Tyr Val Pro Tyr Tftr Gin Gty 

2080 AAG TOO GAA OOG CfiO CTC OOC AOC CAC CTC GTA «3C ATC OOC CAT OOC OCC AAC GIC ACT OTO OCT OCC A*C ATT OCT 
U6> Lys Tfp Glu Gly Glu Leu Gly Thf Aip Leu Vial Ser He Pre We Qy Pro Asrt Val Thr Val Arg Ala Aan lie Ala 

2158 OOC ATC ACT GAA TEA CfiC AAG TIC TTC ATC AAC OOC TOO AAC TOO GAA OOC ATC CTC OOO CT5 OOC TXT OCT GAG ATT 
162> Ala lie Ttir Glu Ser Aep Lye Phe Phe lie Asn Gly Ser Asn Tfp Glu Gly tie Leu Qy Leu Ala Tyr Ala Gl u 1 1 e 

2«6 OOC AOCarrGACGACTCCCrCGAGOCTTTCTTrGACTCrCKICTAAWCACAtt 
iea» Ala Arg Pro Asp Asp S er Leu Qu Pro Phe Phe Asp Set Leu Val Lys Qn Thr Kls Vil Pro Aeft teu Phe Ser Leu 

2114 CAC CTT TCT OCT OCT OOC TIC OOC CTC AAC CAC TCT GAA CTC CTO OOC TCT GTC OCA OOC AOC ATG ATC ATT GGA OCT 
214> Glh Leu Cya Gly Ala Oy Phe Pro Leu Asn an £cr Qu Val Leu Ala Ser V^l Gly Gly Ser ktet lie lie Qy Gly 

2392 ATCGA^CACTOGCTCTACACAOCCACT CIC TC5C TAT ACA COC ATC COC COG GAG TOG TAT TAT GW3 CTC ATC ATT CTC 
240» lle Asp rts Se r Leu Tyr Thf Oy Ser Leu Tip Tyr Thf Pro lie Arg Arg .Ou Tfp Tyf Tyr Glu Val I le I le Val 

2470 COG CTG GAG ATC AAT OGA CAC GAT CTC AAA ATO CAC TOC AAC CAC TAC AAC TAT CAC AAC AOC ATT CTC CAC ACT OOC 
266> Afg Val Glu He Asn Qy Qn Asp Leu Lys Met Asp Cys tys Glu Tyr As n Tyr Asp Lys Ser lie Val Asp Sef Gly 

2S48 AOC AOC AAC CTT OCT TTC CCC AAC AAA CTC TTT GAA OCT OCA CTC AAA TOC ATC AAC OCA OCC TCC TCC AOS CAC AAC 
29a» Thr Thf Aso Leu AfQ Leu Pro Lys Lys Vat Phe Ou At a Al a Val Lys S ei lie Lys Ala Ala Ser Ser Thf Giu Lys 

2626 TTC OCT GAT COT TTC TOC CTA OGA GAG CAOCTCCTOTOCTOOCXAOCAOOCAOCAOC CCT TOC AAC ATT TTC OCA CTC 
3ta»f^a Pro Asp Qy Phe Tip Leu Gi y Gi u O n Leu Vsl Cys 1 rp Gl rt Al a Gly. Thr Thr Pro Trp Asn lie Phe Pro Va) 
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FIG. 13B 
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FIG.13D 




cut 
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FIG. 13E 




urn g;gg^'^->.'^^t«KKvao^ ^ 
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CTGrrGGGCTCGCGGTTGAGGACAAACTCTrCGCGGTC^ 

CCGTCGGCCTCCGAACGGTACTCCGCCACCGAGGGACCroAGCGAGTCCGCATCGACC^ 

CGGAAAACCTCTCGACTGTTGGGGTGAGTACTCCCTCTCAAAAGCGGGCATGACT^^ 

AAGATTGTCAGTITCCAAAAACGAGGAGGATTTGATArrcACCTC 

GAGGGTGGCCGCGTCCATCTGGTCAGAAAAGACAATCTTmGTrcTCAAGOT 

CAGGCTTGAGATCTGGCCATACACrrGAGTGACAATGACATCCACm 

GTGTCCACTCCCAGGTCCAACTGCAGGTCGACTCTAGACCC ^ 



FIG. 14A 



B secretase overexpression in CosA2 cells 



1200.00 




-♦—Clone 27, Effectene 
Clone 53, Effectene 
-^A— MockTxn 
-K- Control 
-A- Clone 27. fugene 



0.00 



0.10 0.20 0.50 1.00 2.00 5.00 
whole cell iysate 



FIG. 14B 



20/26 




FIG. ISA 



FIG. 15B 



BEST AVAfUBLE COPY 




FIG. 16A 



FIG. 16B 



BEST AVAIUBLE COPY 
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FIG. 17A 



FIG. 17B 



AVAILABLE copy 



A. AB(x-40) production in 293T cells co-transfected 
with APP and B secretase 

15000 1 




Transfections 



FIG. 18 



BEST AVAIUBLE COPY 



24/26 



APP C-125 



onli-MBP capture 



p-secretase 



APP 0-99 



|i92+ 



ve 



biotinyhSW-192 reporter 

FIG. 19A 



wild-Type Sequence .—VohLys-Mel-Asp... 
Swedish Sequence ....VohAsn-Leu-Asp... 



FIG. 19B 
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CMV 




FIG. 21 
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MOUSE P-SECRETASE ENZYME 



Field of Invention 



The invention relates to the discovery of p-secretase, an enzyme that cleaves p-amyloid 
precursor protein (APP) at one of the two cleavage sites necessary to produce P-amyloid 
peptide (Ap), purified to apparent homogeneity firom a mouse. 




Backgroand of the Invention 

Alzheimer's disease is characterized by the presence of numerous amyloid plaques 
and neurofibrillatoiy tangles present in the brain, particularly in those regions of the brain 
involved in memory and cognition, p-amyloid peptide (AP) is a 39-43 ammo acid peptide 
20 that is major component of amyloid plaques and is produced by cleavage of a large protein 
known as the amyloid precursor protein (APP) at a specific site(s) wiftin the N-t<aminal 
region of the protem. Normal processing of APP involves cleavage of the protein at point 
16-17 amino acids C-terminal to the N-termmus of the p-AP region, releasing a secreted 
ectodomain, a-sAPP, thus precluding production of P-AP, Cleavage by p-secretase enzyme 
25 of APP between Met and Asp*" and subsequent processing at the C-terminal end of APP 
produces Ap pq)tide, which is highly implicated in the etiology of Alzheimer's pathology 
(Seubert, et aL, in Pharmacological Treatment of Alzheimer's disease, Wley-Liss, Inc., pp. 
345-366, 1997; Zhao, L, etaL J. Biol. Chem. 271: 31407-3141 1, 1996). 

It is not clear whether p-secretase enzyme levels and/or activity is inherently higher 
than nonnal in Alzheimer^s patients; however, it is clear that its cleavage product, Ap 
pqjtide, is abnormally concentrated in amyloid plaques present in their brains. Therefore, it 
would be desirable to isolate, purify and characterize the enzyme responsible for the 
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pathogenic cleavage of APP in order to help answer this and other questions surrounding the 
etiology of the disease. In particular, it is also desirable to utilize the isolated enzyme, or 
active fragments thereof; in methods for screening candidate drugs for ability to inhibit the 
activity of p-secretase. Drugs exhibiting inhibitory effects on p-secretase activity are expected 
5 to be useful therapeutics in the treatment of Alzheimer's disease and other amyloidogenic 
disorders characterized by deposition of Ap peptide containing fibrils. 

U. S. Patent 5,744,346 (Chrysler, et al) describes the initial isolation and partial 
purification of p-secretase enzyme characterized by its size (apparent molecular weight in the 
range of 260 to 300 kilodaltons when measured by gel exclusion chromatography) and 
1 0 enzymatic activity (ability to cleave the 695-amino acid isotype of p-amyloid precursor protein 
between amino acids 596 and 597). The present invention provides a significant improvement 
in the purity of mouse P-secretase enzyme, by providing a purified mouse P-secretase enzyme 
that is at least 200 fold purer than that previously described. Such a purified protein has utility 
in a number of applications, including crystallization for structure determination. 

15 

Summary of the Invention 

The present invention provides a P-secretase enzyme protein purified to apparent 
homogeneity fix)m a mouse such that a sample containing the protein shows a single 
protein band on a silver stained polyacrylamide electrophoretic gel. 

20 The protein may have the sequence SEQ ID NO: 65. The purified protein of the 

invention may be characterized by a specific activity of at least about 0.2 x lO' and 
preferably at least 1.0 x 10^ nM/h/^g protein in a representative P-secretase assay, the MBP- 
C125sw substrate assay. The resulting enzyme, which has a characteristic activity in cleaving 
the 695-amino acid isotype of p-amyloid precursor protein (p-APP) between amino acids 596 

25 and 597 thereof is at least 10,000-fold, preferably at least 20,000-fold and, more preferably 
in excess of 200,000-fold higher specific activity than an activity exhibited by a solubilized 
but unenriched membrane fraction fit>m human 293 cells, such as have been earlier 
characterized. 

A crystalline protein composition may be formed from a purified P-secretase protein 
30 of Ihe present invention. According to one embodiment, the purified protein is characterized 
by an ability to bind to the p-secretase inhibitor substrate P10-P4'sta D->V which is at least 
equal to an ability exhibited by a protein having the amino acid sequence SEQ ID NO: 71 
[46-419], when the proteins are teste^ for binding to said substrate under the same 
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conditions. According to another embodiment, the purified protein forming the 
crystallization composition is characterized by a binding affinity for the p-secretase inhibitor 
substrate SEQ ID NO: 72 (P10-P4'sta D->V) which is at least 1/100 of an affinity exhibited 
by a protein having the amino acid sequence SEQ ID NO: 43 [46-501], when said proteins 
5 are tested for binding to said substrate under the same conditions. Proteins forming the 
crystalline composition may be glycosylated or deglycosylated. 

A crystalline protein composition may contain a p-secretase substrate or inhibitor 
molecule, examples of which are provided herein, particularly exemplified by peptide- 
derived inhibitors such as SEQ ID NO: 78, SEQ ID NO: 72, SEQ ID NO: 81, and derivatives 
10 thereof. Generally useful inhibitors in this regard will have a Kj of no more than about SOfiM 
toO.SmM. 

Purified protein compositions, such as those described above, may be provided in 
combination with a p-secretase substrate or inhibitor molecule, such as MBP-C125wt, MBP- 
C125SW, APP, APPsw, and p-secretase-cleavable fiagments thereof. Additional P-secretase- 

1 5 cleavable firagments useful in this regard are described in the specification hereof 

Particularly usefiil inhibitors include peptides derived firom or including SEQ ID NO: 78, 
SEQ ID NO: 81 and SEQ ID NO: 72. Generally, such inhibitors will have K^s of less than 
about 1 ^iM. Such inhibitors may be labeled with a detectable reporter molecule. Such 
labeled molecules are particularly useful, for example, in ligand binding assays. 

20 Protein compositions, such as those described above, may be expressed by a 

heterologous cell. Such cells may also co-express a P-secretase substrate or inhibitor protein 
or peptide. One or both of the expressed molecules may be heterologous to the cell. 

An expression vector comprising a nucleic acid encoding a mouse p-secretase 
operably linked to a nucleic acid with regulatory sequences effective may be used for 

25 expression ofthe nucleic acid in a selected host cell, for heterologous expression. The host 
cells can be a bacterial cell or a eukaryotic cell, such as an insect cell or a yeast cell. Such 
cells can be used, for example, for producing a recombinant p-secretase enzyme, where the 
method further includes subjecting an extract or cultured medium from said cell to an affinity 
matrix, such as a matrix formed from a P-secretase inhibitor molecule or antibody, as 

30 detailed herein 

Screening for compounds that inhibit Ap production, can be carried out by contacting 
a p-secretase polypeptide, such as those described above, with (i) a test compound and (ii) a 
P-secretase substrate, and selecting the test compound as capable of inhibiting Ap production 
if the p-secretase polypeptide exhibits less p-secretase activity in the presence ofthe test 
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compound than in the absence of the test compound. Such an assay may be cell-based, with 
one or both of the enzyme and the substrate produced by the cell, such as the co-expression 
cell referred to above. Kits embodying such screening methods can be provided. 

Such screening may further include administering a test compound to a mammalian 
5 subject having Alzheimer's disease or Alzheimer's disease like pathology, and selecting the 
compound as a therapeutic agent candidate if, following such administration, the subject 
maintains or improves cognitive ability or the subject shows reduced plaque burden. Such a 
subject may have a transgene for human p-amyloid precursor protein (p-APP), such as a 
mouse bearing a transgene which encodes a human p-APP, including a mutant variant 

10 thereof, as exemplified in the specification. 

A P-secretase inhibitor compound may be selected according to the methods 
described above. Such compounds may be selected, for example, &om a phage display 
selection system ("library*), such as are known in the art. Such libraries may be "biased" for 
the sequence peptide SEQ ID NO: 97 [P10-P4'D->V]. Other inhibitors include, or may be 

1 5 derived Gcom peptide inhibitors herein identified, such as inhibitors SEQ ID NO: 78, SEQ ID 
NO: 72, SEQ ID NO: 78 and SEQ ID NO: 81. 

Knock-out mice, characterized by inactivation or deletion of an endogenous P- 
secretase gene, such as genes encodes a protein having at least 90% sequence identity to the 
sequence SEQ ID NO: 65 can be provided. The deletion or inactivation may be inducible, 

20 such as by insertion of a Cre-lox expression system into the mouse genome. 

Drugs effective in the treatment of Alzheimer's disease or other cerebrovascular 
amyloidosis characterized by Ap deposition can be screened by giving a mammalian subject 
characterized by overexpression of p-APP and/or deposition of Ap a test compound selected 
for its ability to inhibit p-secretase activity of a P-secretase protein. The compound is 

25 selected as a potential therapeutic drug compound, if it reduces the amount of Ap deposition 
in said subject or if it maintains or improves cognitive ability in the subject. The mammalian 
subject may be a trasngenic mouse bearing a transgene encoding a human P-APP or a mutant 
thereof 

A patient afflicted with or having a predilection for Alzheimer's disease or other 
30 cerebrovascular amyloidosis may be treated by blocking the enzymatic hydrolysis of APP to 
Ap by administering to the patient a pharmaceutically effective dose of a compound effective 
to inhibit one or more of the various forms of the enzyme described herein. The therapeutic 
compound may be derived firom a peptide selected firom the group consisting of SEQ ID NO: 
72, SEQ ID NO: 78, SEQ ID NO: 81 and SEQ ID NO: 97. Such derivation may be effected 
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by the various phage selection systems described herein, in conjunction with the screening 
methods described above, or other such methods. Alternatively, or in addition, derivation 
may be achieved via rational chemistry approaches, including molecular modelling, known 
in the medicinal chemistry art Such compounds will preferably be rather potent inhibitors of 
5 p-secretase enzymatic activity, evidenced by a Kj of less than about 1 -50 in a MBP- 
C125SW assay. Such compounds also form the basis for therapeutic drug compositions, 
which may also include a phannaceutically effective excipient 

The presence of or a predilection for Alzheimer's disease in a patient maj^ be 
diagnosed by detecting the expression level of a gene comprising a nucleic acid encoding P- 

1 0 secretase in a cell sample from said patient, and diagnosing the patient as having or having a 
predilection for Alzheimer's disease, if said expression level is significantly greater than a 
pre-detemiined control expression level. The presence of or a predilection for Alzheimer's 
disease may be diagnosed in a patient by measuring p-secretase enzymatic activity in a cell 
sample from said patient, and diagnosing the patient as having or having a predilection for 

15 Alzheimer's disease, if said level enzymatic activity level is significantly greater than a pre- 
determined control activity level. The diagnostic method may be carried out in a whole cell 
assay and/or on a nucleic acid derived from a cell sample of said patient. 

A P-secrctase protein enzyme molecule may be purified by contacting an impure 
sample containing P-secretase enzyme activity with an affinity matrix which includes a p- 

20 secretase inhibitor, such as the various inhibitor molecules described herein. 

The invention will be described in more detail in the following detailed description of 
the invention read in conjunction with the accompanying drawings. 

Brief Description of the Figures 

25 FIG. 1 A shows the sequence of a polynucleotide (SEQ ID NO: 1) which encodes 

human P-secretase translation product shown in FIG. 2A. 

FIG. IB shows the polynucleotide of FIG. I A, including putative 5*-and 3 - 
untranslated regions (SEQ ID NO: 44). 

—►PAGE 8 

30 
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FIG. 2A shows the amino acid sequence (SEQ ID NO: 2) of the predicted 
translation product of the open reading frame of the polynucleotide sequence shown in 
HGS. lA andlB. 

no. 2B shows the amino acid sequence of an active fragment of human p- 
secretase (SEQ ID NO: 43) [46-501], 

FIG. 3 A shows the translation product that encodes an active fragment of human 
p-secretase, 452stop, (amino acids 1-452 with reference to SEQ ID NO: 2; SEQ DD NO: 
59) including a FLAG-epitope tag (underlined; SEQ ID NO: 45) at the C-terminus. 

FIG. 3B shows the amino acid sequence of a fragment of human p-secietase 
(amino acids 46^52 (SEQ ID NO: 58) with reference to SEQ ID NO: 2; including a 
FLAG-epitope tag (underlined; SEQ ID NO: 45) at the C-terminus. 

FIG. 4 shows an elution profile of recombinant p-secrctase eluted from a gel 
filtration colunm. 

FIG. 5 shows the fiiU length amino acid sequence of p-secretase 1-501 (SEQ ID 
NO: 2), including the ORF which encodes it (SEQ ID NO: 1), with certain features 
indicated, such as "active-D" sites indicating the aspartic add active catalytic sites, a 
transmembrane region conMnencing at position 453, as well as leader ("Signal") sequence 
(residues 1-21 ; SEQ ID NO: 46) and putative pro region (residues 22-45; SEQ ID NO: 
47) and where the polynucleotide region corresponding the proenzyme region 
corresponding to amino acids 46-501 (SEQ ID NO: 43) (nt 135-1503) is shown as SEQ 
ID NO: 44 and contains an internal peptide region (SEQ ID NO: 56) and a 
transmembrane region (SEQ ID NO: 62). 

FIGS. 6A and 6B show images of silver-stained SDS-PAGE gels on which 
purified p-secretase-containing fractions were run under reducing (6A) and non-reducing 
(6B) conditions, 

FIG. 7 shows a silver-stained SDS-PAGE of p-secretase purified from 
heterologous 293T cells expressing the recombinant enzyme. 

FIG. 8 shows a silver-stained SDS-PAGE of p-secretase purified from 
heterologous Cos A2 cells expressing the recombinant enzyme. 

FIG. 9 shows a scheme in which primers derived from the polynucleotide (SEQ 
ID NO. 76 encoding N-terminus of purified naturally occurring P-secretase (SEQ ID NO 
77) were used to PCR-clone additional portions of the molecule, such as fragment SEQ 
ID NO. 79 encoding by nucleic acid SEQ ID NO. 98, as illustrated. 



FIG. 10 .hows an alig^en. of ,he amino acM of human p-secr.,ase 

(Human In,apai„.e,,",.50,,SEQ.DNO: 2, compared ,orpBS/mlmpai„H« cons") 
consensus mouse sequence: SEQ ID NO: 65. 

FIG. 1 1 A shows .h. nucleotide s«,uence (SEQ ,D NO: 80) of an insert used ■„ 
prepanng vector pCF. 

FIG. 1 IB shows a linear schematic of pCEK. 

FIG. 12 shows a schematic of pCEK.clone 27 used to tnmsfec, mammalian cells with 

p-secretase. 

with theTJT' """^ '""^ ~ "'■^■^ " <5EQ NO: 48). 

with the OFR md,cated By a,c amino acid sequence SEQ ID NO- 2 

Ha,4Ashowsa„„cle«idese,ue«»i„semdi«opanm,vec.„rpCDNA3(SEQIDNO- 
no. MB shows a plot of B-secraase activity in cell lysates ftom COS cells 

•r^rf^led with vec,o,.derived from clones encoding O-secnMase 

ly-los made from heterologous cells transfected with mutan. APP (75 , w,) and B- 
g.lac,os,daseascontrol,ia„esd,a„dh.m cells transfected with mutan, APP (751 wt)a„d 
P-secretase (lanes 0 where lanes a. b. and c show lysates from untrxaled cells, cells 

uansfectea With B-galactosidase alone and cells transfected with G-secretase alone 
respectively, and lane e indicates markers. 

FIG. 15B shows ,„ image an image of an SDS PAGE gel loaded with triplicate 
samples of the lysates made ftom heterologous cells Irat^fected with mutant APP (Swedish 
^tahon) and P-galaCosidase as eontrol (lanes c) and from ceils transfected with mutan. APP 
Sw^sh mutation, and p-sccretase (lanes e, where lanes a and h show lysates flom cells 
-sfected with C-galactosidase al^rc and cell, transfected with B-sccretase alone, and lane d 
indicates markers. 

™S._16Aand,6BshowWes,en,h,o,sofce,ls„pen,ata„.stcs,edforprese„ceor 

increase in soluble APP (sAPP). 

FIOS. ■'AandnBshowWesten.hlo.sofa.leavcdAPPsubs.ratcinco-cxprcssion 
secretaT"' ' ' ^'"""^ ""^ '«c,ed with APP and p- 



FIG. 1 9A siiows a schematic of an APP subsirai/. fro^.^ ^. j ■ 

FIO. 19B shows the p-secraase cleavage site in Uk wild.,ype APP seq,«„ce 
(SEQ ID NO: 103) and Swedish APP sequence (SEQ ID NO: 104). 

«8. and „ use ■„ conjunct wiu, a«ibodies SW192 and 5E., M in U,e assay 
HG.2I showsaschematicofpohCKTSI yectot. 

BriefDescriplIra of the Sequences 

Number'!' "t'^'"'"""""*''^"'^'*"'^"'-"™'- 
Nu™h„„„ges,howninh.c.«she.,and.h,o„sh«t*^ 

-tag oonvenU™,., N^C.e™inus order, 
an acuve Iragraenl, as ejiemplified hereto. 

(Table 4, L " "° oliSo-l^Hde prin^ described in E,»„ple . 

I 'able 4), designed £rom legions ofSEQ ID NO: 2. 

metb HT'°''°'^''"'' ""''**^"''°"^""'~«*P™--«'toPCRclon,ng 
-ethodsdcscnbed herein, shown in Table 5. 

SEQ ID NO: 42 is a polynuCeoUde sequence that encodes the acti.. enzyn« p. 
»»retaseshowiiasSEQlDNO:43. ■ 

Nte™r'^?r''"'*''^'™"°'""'^'^'><»«™°"™"^«^ 

isolated from natural sources C46-501]. 

3-»t.^r:^'^'""'**---^-''--^--S.and 

SEQ ID NO: 46 is the putative leader region of p-secretas. (1-22) 
SEQ ID Na 47 is theputativ. pre-pn> region of p-secreUsc [23-45] 
SEQ ID NO: 48 is the sequence of the done pCBK a.27 (FIG ISA-E) 



SEQ ID m. 49 ,s ,.„c,eo,ide of a fragmen, of .h. gene which eneodes 

human p-secretase. 

SEQ ID NO: 50 is the predieled .ranslalion praduet ofSEQ ID NO 49 
P-seeJaT " ^''^ "'"""^ 

used m the present invention. 

SEQmNO=54isapep«e»^efea™ge*ofA«.(wi,d^,^^i^^,,^^^^ 
SEQ ID NO: 55 IS amino acids 46-69 of SEQ ID NO- 2 

P-s Ja!! '''''' ' " '''''''''' <'o-n Of 

SEQ ID NO: 57 is p-secretase I1-419J. 
SEQ ID NO; 58 is p-secretase [46-452]. 
SEQ ID NO: 59 is P-secretase [1-452]. 
SEQ ID NO: 60 is p-secretase [1-420]. 
SEQ ID NO: 61 is EVM(hydroxyethyIene]AEF. 

secreta '''''' ^'''^^ transn,en,b,.„e don^ain of P- 

secretase shown in (FIG. 5). 

SEQ ID NO: 63 is P26-P4' of APPwl. 

SEQ ID NO: 64 is P26-P1 ' of APPwt. 

SEQ ID NO: 65 is mouse P-secretase (FIG. 1 0. lower sequence). 

SEQ ID NO: 66 is p-sccretase [22-501 J. 

SEQ ID NO: 67 is P-secretase [58-501 J. 

SEQ ID NO: 68 is p-secrclase [58-452]. 

SEQ ID NO: 69 is p-sccretase [63-501 J. 

SEQ ID NO: 70 is p-secretase [63-452]. 

SEQ ID NO: 71 is p-secretase [46-41 9]. 
SEQ ID NO: 72 is P10-P4'staD->V. 
SEQ ID NO: 73 is P4-P4'staD-»V 
SEQ ID NO: 74 is p-secretase [22-452]. 
SEQ ID NO: 75 is p-secretase [63-423]. 
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SEQ ID NC . 76 is nucleic acid encoding the N-tenninus of naturally occuring (J. 

secretase. 

SEQ ID NO: 77 is a peptide fragment at the N-terminus of naturally occuring 6- 

secretase. ^ &y- 

SEQ ID NO: 79 is a peptide fragment of naturally occuring occuring p-secretase 
SEQ ID NO: 80 is a nucleotide insert in vector pCF used hcein 

SEQ ID NO: 82 is APP fragment SBVKMDAEF (P5-P4Vt) 
SEQ ID NO: 83 is APP fragment SEVNLDAEF (P5-P4'sw) 
SEQ ID NO: 84 is APP fragment SEVKLDAEF. 
SEQ ID NO: 85 is APP fragment SEVKFDAEF. 
15 SEQ ID NO: 86 is APP fragment SEVNFDAEF. 

SEQ ID NO: 87 is APP fragment SEVKMAAEF. 

SEQ ID NO: 88 is APP fragment SEVNLAAEF. 
SEQ ID NO: 89 is APP fragment SEVKLAAEF. 

SEQ ID NO: 90 is APP fragment SEVKMLAEF. 
20 SEQIDNO: 91 is APP fragment SEVNLLAEF. 

SEQ ID NO: 92 is APP fragment SEVKLLAEF. 

SEQ ID NO: 93 is APP fragment SEVKFAAEF. 

SEQ ID NO: 94 is APP fragment SEVNFAAEF. 

SEQ ID NO: 95 is APP fragment SEVKFLAEF. 
25 SEQID NO: 96 is APP fragment SEVNFLAEF. 

SEQm NO: 97 is APP-derived fragment PI0-P4-(D->V): KTEEISEVNLVAEF 

SEQ ID NO: 98 is a nucleic acid fragment (HG.9). 

• SEQIDNO:99istheNterminalpeptidesequenceofp-sec,^taseisolatedfrom 
human brain, recombinant 293T cells and recombinant Cos A2 cells CTable 3) 

SEQ ID NO: 100 is the N temiinal peptide sequence of a form of P-secr^tase 
rsolated from recombinant 293T cells. 

SEQ ID NO: 101 is the N terminal pepUde sequence of a form of P-secr^tase 
isolated from recombinant 293T cells. 

SEQ ID NO: ] 02 is the N temiinal pepUde sequence of a form of P-secr^tase 
isolated frorh recombinant Cos A2 cells. 

SEQ ID NO: 103 is the P-sccretase cleavage sites in the wild-type APP sequence. 
SEQ ID NO: 104 is the P-secretase cleavage sites in the Swedish APP seauence. 



Detailed Description of the Invention 



1. Definitions " 

Unless otherwise indicated, all terms used herein have the same meaning as they would 
to one skilled in the art of the present invention. Practitioners are particularly directed to 
Sambrook, et al. (1989) Molecular Cloning: A Laboratory Manual (Second Edition), Cold 
5 Spring Harbor Press, Plainview, N.Y., and Ausubel, P.M.. el al. (1 998) Current Protocols in 
Molecular Biology, John Wiley & Sons. New York, NY, for definitions, terms of art and 
standard methods known in the art of molecular biology, particularly as it relates to the cloning 
protocols described herein. It is understood that this invention is not limited to the particular 
methodology, protocols, and reagents described, as these may be varied to produce the same 
10 result. 

The temis "polynucleotide" and "nucleic acid" are used interchangeably herein and refer 
to a polymeric molecule having a backbone that supports bases capable of hydrogen bonding to 
typical polynucleotides, where the polymer backbone presents the bases in a manner to peraiil 
such hydrogen bonding in a sequence specific fashion between the polymeric molecule and a 
1 5 typical polynucleotide (e.g., single-stranded DNA). Such bases are typically inosine. adenosine, 
guanosine, cytosine, uracil and thymidine. Polymeric molecules include double and single 
stranded RNA and DNA, and backbone modifications thereof, for example, methylphosphonatc 
linkages. 

The term "vector" refers to a polynucleotide having a nucleotide sequence that can 
20 assimilate new nucleic acids, and propagate those new sequences in an appropriate host. 
Vectors include, but are not limited to recombinant plasmids and viruses. The vector (eg., 

plasmid or recombinant vinis) . — can be in a carrier, 

for example, a plasmid complexed to protein, a plasmid complexed with lipid-based nucleic 
acid transduction systems, or other non-viral carrier systems. 
25 The term "polypeptide" as used herein refers to a compound made up of a single chain 

of aiiiino acid residues linked by peptide bonds. The term "protein" may be synonymous with 
the term "polypeptide" or may refer to a complex of two or more polypqjtides. 

The term "modified;;, when referring to a polypeptide of the invention, means a 
polypeptide which is modified either by natural processes, such as processing or other post- 
30 translational modifications, or by chemical modification techniques which are well known in 
the art. Among the numerous known modifications which may be present include, but are not 
limited to, acetylation, acylation. amidation, ADP-ribosylation, glycosylation, GPl anchor . 
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fonnaaon, covalent attachment of a lipid or lipid derivative, methylation, myristlyation, 
pegylation, prenylation, phosphorjdation, ubiqutination, or any similar process, 
nie tenn "P-secretase'* is defined in Section ni, herein. 

The term "biologicaUy active" used in conjunction with the term P-secretase refers to 
possession of a p-secretase enzyme activity, such as the ability to cleave p-amyloid precursor 
protein (APP) to produce p-amyloid peptide (AP). 

The tenn "fiagment," when referring to p-secretase of the invention, means a 
polyp«^tide which has an amino acid sequence which is the same as part of but not aO of the 
amino acid sequence of fhll-loigth P-secretase polypeptide. 
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15 

An "active fragment" is a P-secretase fiagment that retams at least one of the 
functions or activities of P-secretase. including but not Imuted to tiie p-secretase enzyme 
activity discussed above and/or ability to bind to the inhibitor substrate described herein as 
P10-P4'staI>^V (SEQ ID NO.: 72). Fragments contemplated include, but are not limited to. a P-secretase 
20 fiagment which retains the ability to cleave P-amyloid precuisor protein to produce p- 

amyloid peptide. Such a firagment preferably includes at least 350, and more preferably at 
least 400, contiguous amino adds or conservative substitutions thereof of p-secretase, as 
described herein. More preferably, die fiagment includes active aspartyl add residues in die 
structural proximities identified and defined by the primary polypeptide structure shown as 
SEQ ID NO. : 65 and also denoted as «Active-D" sites herein. 

A "conservative substitution" referc to the substitution of an amino acid in one class 
by an amino acid in the same class, where a dass is defined by common physicochemical 
amino acid sidechain properties and high substitution fiequencies in homologous proteins 
found in nature (as determined, e.g., by a standard Dayhoff frequency exchange matrix or 
30 BLOSUM matrix). Six general dasses of amino acid sidechains, categorized as described 
above, indude: Class I (Cys); Class n (Ser. Thr, Pro. Ala. Gly); Class UI (Asn. Asp. Gbi, 
Glu); Class IV (His, Arg. Lys); Class V (He. Leu. Val, Met); and Class VI (Phe. Tyr, Tip). 
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For example, substitution of an Asp for anothCT class HI residue such as Asn. Gin, or Glu, is 
considered to be a conservative substitution. 

"Optimal alignment" is defined as an alignment giving the highest percent identity 
score. Such alignment can be performed using a variety of commercially avaUable sequence 
analysis programs, such as the local alignment program LAUGN using a ktup of 1, defeult 
parameters and the defeult PAM. A preferred alignment is the pairwise aUgnment using the 
CLUSTAL-W program in MacVector, operated with default parameters, including an open 
penalty of 10,0, an extended gap penalty of 0.1, and a BLOSUM30 similarity matrix. 
"Percent sequence identity," with respect to two amino acid or polynucleotide 
sequences, refers to the percentage of residues that arc identical in the two sequences when 
the sequences are optimally aligned. Thus, 80% amino acid sequence identity means that 80% 
of the amino acids m two or more optimally aligned polypeptide sequences are identical. If a 
gap needs to be inserted into a first sequence to optimally align it with a second sequence, the 
percent identity is calculated using only the residues that are paired with a corresponding 
15 amino acid residue (i.e., the calculation does not consider residues in the second sequences 
that are in the "gap" of the first sequence, 

A first polypeptide region is said to "correspond" to a second polypeptide region when 
the regions are essentially co-extensive when the sequences containing the regions are aUgned 
using a sequence alignment program, as above. Corresponding polypeptide regions typically 
20 contain a similar, if not identical, number of residues. It will be understood, however, that 
corresponding regions may contain insertions or deletions of residues with respect to one 
another, as well as some differences in their sequences. 

A first polynucleotide region is said to "correspond" to a second polynucleotide region 
when the regions are essentially co-extensive when the sequences containing the regions are 
25 aligned using a sequence aUgnment program, as above. Corresponding polynucleotide regions 
typically contam a similar, if not identical, number of residues. It will be understood, 
however, that corresponding regions may contain insertions or deletions of bases with respect 
to one anothor, as well as some differences in their sequences. 

The term "sequence identity" means nucleic acid or amino acid sequence identity in 
30 two or more aligned sequwices. aligned as defined above. 

"Sequence similarity" between two polypeptides is determined by comparing the 
amino acid sequence and its conserved amino acid substitutes of one polypeptide to the 
sequence of a second polypeptide. Thus, 80% protein sequence similarity means that 80% of 

1} 



the amino acid residues in two or more aligned protem sequences are conserved amino acid 
residues, are conservative substitutions. 

"Hybridization*' includes any process by which a strand of a nucleic acid joins with a 
complementary nucleic acid strand through base pairing. Thus, strictiy speaking, the term 
refers to the ability of the complement of the target sequence to bind to the test sequence, or 
vice-versa. 

"Hybridization concUtions" are based in part on the melting temperature (Tm) of the 
nucleic acid binding complex or probe and are typically classified by degree of "stringency" 
of the conditions under which hybridization is measured. The specific conditions that define 
various degrees of sfringency (i.e., high, medium, low) depend on the nature of the 
polynucleotide to which hybridization is desired, particularly its percent GC content, and can 
be detemiined empirically according to methods known in the art. Functionally, maximum 
stringency conditions may be used to identify nucleic acid sequences having strict identity or 
near-strict identity vidth the hybridization probe; while high stringency conditions are used to 
identify nucleic acid sequences having about 80% or more sequence identity with the probe. 

The term "gene" as used herein means the segment of DNA involved in producing a 
polypeptide chain; it may include regions preceding and following the coding region, e.g. 5' 
untranslated (5' UTR) or "leader** sequences and 3' UTR or "trailer" sequences, as well as 
intervening sequences (introns) between individual coding segments (exons). 

The term "isolated" means that the material is removed fiom its original enviionmrat 
(e.g.. the natural raivironment if it is naturally occuning). For example, a naturaUy occurring 
polynucleotide or polypq>tide present in a living animal is not isolated, but the same 
polynucleotide or polypeptide, sq)aiated from some or all of the coexisting materials in the 
natural system, is isolated. Such isolated polynucleotides may be part of a vector and/or such 
polynucleotides or polypeptides may be part of a composition, such as a recombinanUy 
produced ceU (heterologous ceU) expressmg the polypeptide, and still be isolated m that such 
vector or composition is not part of its natural cnvironmait. 

An "isolated polynucleotide having a sequence which encodes p-secretase" is a 
polynucleotide Uiat contains the coding sequence of p-secretase, or an active fragment 
thereof, (i) alone, (ii) in combination witii additional coding sequences, such as fusion 
protein or signal peptide, in which tiie p-secretase codmg sequwice is the dominant coding 
sequence, (iii) in combination with non-coding sequences, such as mtrons and control 
elements, such as promoter and terminator elements or 5* and/or 3' untranslated regions. 
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effective for expression of the coding sequence in a suitA^^ 

host environment in which the (J-secrctase coding sequence is a heterologous gene. 

Ihe terms Tieterologous DNA." "heterologous RNA." "heterologous nucleic acid," 
"heterologous genc-and "heterologous polymicleotide" refer to nucleotides that are not 
5 endogenous to the ceU or part of the genome in which they are present; generally such 
nucleotides have been added to the ceU, by transfection. microinjection, electroporation, or 
the like. Such nucleotides generaUy include at least one coding sequence, but fliis coding 
sequence need not be expressed. 

The term "heterologous ceU" refers to a recombinantiy produced cell that contains at 
10 least one hetwologous DNA molecule. 

A "recombinant protein" is a protein isolated, purified, or ideiitified by virtue of 
expression in a heterologous cell, said cell having been transduced or transfccted. cither 
transiently or stably, with a recombimmt expression vector engineered to drive expression of 
tiic protein in the host cell. 

The term "expression" means that a protein is produced by a cell, usually as a result of 
transfection of the cell with a heterologous nucleic acid. 

"Co-expression" is a process by which two or more proteins or RNA species of 
interest are expressed in a single cell. Co-expression of the two or more proteins is typicaUy 
achieved by transfection of the cell with one or more recombinant expression vectors(s) that 

cany coding sequences for the proteins. For example, 

a cell can be said to "co-express" two proteins, if one or both of the proteins is heterologous 
to the cell. 

The term "expression vector" refers to vectors that have the abiUty to incorporate and 
express heterologous DNA fragments in a foreign cell Many prokaryotic and eukaryotic 
expression vectors are commercially available. Selection of appropriate expression vectors is 
witiiin the knowledge of those having skill in the art. 

The terms "purified" or "substantially purified" refer to molecules, either 
polynucleotides or polypeptides, that are removed 6om their natural enviromnent. isolated or 
separated, and are at least 90% and more preferably at least 95-99% free from other 
components with which they are naturally associated. The foregoing notwitiistanding. such a 
descriptor does not preclude the presence in the same sample of splice- or otiier protein 
variants (glycosylation variants) in the same, otherwise homogeneous, sample. 
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A protein or polypeptide is generally considered to be '"puiified to apparent 
homogeneity" if a sample containing it shows a single protein band on a silver-stained 
polyaciylamide electrophoretic gel. 

The term "crystallized protein" means a protein that has co-precipitated out of 
5 solution in pure crystals consisting only of the crystal, but possibly including other 
componraits that are tightly bound to the protein, 

A "variant" polynucleotide sequence may wicode a "variant" amino acid sequence that 
is altered by one or more amino adds from the reference polypeptide sequence. The variant 
polynucleotide sequrace may encode a variant amino acid sequence, which contains 

10 "conservative" substitutions, wherein the substituted amino acid has structural or chemical 
properties similar to the amino acid which it replaces. In addition, ot altematively, the variant 
polynucleotide sequaice may encode a variant amino acid sequence, which contains "non- 
conservative" substitutions, wherein the substituted amino acid has dissimilar structural or 
chemical properties to the amino acid which it replaces. Variant polynucleotides may also 

1 5 encode variant amino acid sequences, which contain amino acid insertions or deletions, or 
both. Furthennore, a variant polynucleotide may encode the same polypeptide as the 
reference polynucleotide sequence but, due to the degeneracy of the genetic code, has a 
polynucleotide sequence that is altered by one or more bases from the reference 
polynucleotide sequence. 

20 An "allelic variant" is an alternate form of a polynucleotide sequence, which may 

have a substitution, deletion or addition of one or more nucleotides that does not substantially 
alter the function of the encoded polypeptide. 

"Alternative splicing" is a process whereby multiple polypeptide isoforms are 
generated from a single gene, and involves the splicing together of nonconsecutive exons 

25 during the processing of some, but not all, transcripts of Ae gene. Thus, a particular exon 
may be connected to any one of several alternative exons to form messenger RNAs. The 
altematively-spUced mRNAs produce polypeptides ("splice variants") in which some parts 
are common while oth^ parts are difrira:eiit 

"Splice variants" of p-secr^e, when refenred to in the context of an mRNA 

30 transcript, are mRNAs produced by alternative splicing of coding regions, i.e., exons, fiom 
the p-secretase gene. 
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"Splice variants" of P-secretase, when referred to in the context of the protein itself, 
are P-secretasc translation products that are encoded by alternatively-spliced p-secretase 
inRNA transcripts. 

A "mutant" amino acid or polynucleotide sequence is a variant amino acid sequence, 
5 or a variant polynucleotide sequence, which encodes a variant amino acid sequence that has 
significantly altered biological activity or function fiom that of the naturally occurring 
protein. 

A "substitution" results fiom the replacement of one or more nucleotides or ammo 
acids by different nucleotides or amino acids, respectively. 
1 0 The tenn "modulate" as used herein refers to the change in activity of the polypeptide 

of the invention. Modulation may relate to an increase or a decrease in biological activity, 
binding characteristics, or any other biological, functional, or immunological property of the 
molecule. 

The terras "antagonist" and 'inhibitor" are used intochangeably herein and refer to a 
1 5 molecule which, when bound to the polyp^tide of the present invention, modulates the 
activity of enzyme by blocking, decreasing, or shortening the duration of the biological 
activity. An antagonist as used hmin may also be refoied to as a "P-secretase inhibitor" or 
"P-secretase blocker." Antagonists may themselves be polypeptides, nucleic acids, 
carbohydrates, lipids, small molecules (usually less than 1000 kD), or derivatives thereof, or 
20 any other Ugand which binds to and modulates the activity of the enzyme. 
p-Secretase Compositions 

The present invention provides a p-secretase enzyme, purified to apparent homogeneity 
fix)fn mouse which is fiirther characterized as an aspartyl (aspartic) protease or proteinase. 
As defined more fully in the sections that follow, p-secretase exhibits a proteolytic 
25 activity that is involved in the generation of p-amyloid peptide fiom p-amyloid precursor 
protem (APP), such as is described in U.S. Patent 5,744,346, incorporated herein by 
reference. Altanatevely, or in addition, the p-secretase is characterized by its ability to bind, 
with moderately high affinity, to an mhibitor substrate described herein as P10-P4' staD-»V 
(SEQIDNO.:72). ] 
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Using the infonnation provided 

herein, practiUonere can isohte DNA encoding various active foims of the protein fiom 
available sources and can express the protein recombinantly in a convenient expression 
system. Alternatively and in addition, practitioners can purify the enzyme fiom natural or 
recombinant sources and use it in purified fomi to further characterize its ^cture 'zbA 

function. Polynucleotides and proteins of the 

invention are particulariy useful in a variety of screerang assay formats, including ceU-based 
screening for drugs that inhibit the enzyme. Examples of uses of such assays, as well as 
additional utiBties for the compositions are provided in Section IV. below. 

p-secretase is of particdar interest due to its activity and involvement in generating 
fibril peptide components that are the major components of amyloid plaques in the central 
nervous system (CNS). such as are seen in Alzheimer's disease, Down's syndrome and other 

CNS disorders. Accordingly, — —an isolated 

form of the enzyme — ,can be used, for example, to screen for inhibitory substances which 
are candidates for dier^ieutics for such disorders. 

A. Isolation of Polynucleotides encoding Human P-secretase 
Polynucleotides encoding human P-sccretase were obtained by PGR cloning and 
hybridization techniques as detailed in Examples 1-3 and described below. FIG. lA shows the 
sequence of a polynucleotide (SEQ ID NO: 1) which encodes a form of human P-secretase 
(SEQ ID NO: 2 [1-501]). Polynucleotides encoding human P-secretase are conveniently 
isolated from any of a number of human tissues, preferably tissues of neuronal origin, 
including but not limited to neuronal cell lines such as the commercially available human 
neuroblastoma cell Une IMR-32 available from tiie American Type Culture Collection 
(Manassas. VA; ATTC CCL 127) and human fetal brain, such as a human fetal brain cDNA 
library available from OriGene Technologies. Inc. (RockviUe, MD). 

Briefly, human P-secretase coding regions were isolated by meUiods well knov^oi in the 
art. using hybridization probes derived from tiie coding sequence provided as SEQ ID NO: 1. 
Such probes can be designed and made by methods well known in the art. 
Exemplary probes, including degenerate probes, are described in Example 1. Altematively. a 
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cDNA Ubraxy is screened by PCR, using, for example, the primers and conditions described 
in Example 2 herein. Such methods are discussed in more detail in Part B, below. 

cDNA libraries were also screened using a 3'-RACE (Rapid Amplification of cDNA 
Ends) protocol according to methods well known in the art (White. B A., ed., PCR Qoning 
Protocols; Humana Press. Totowa, NJ, 1997; shown schematically in FIG. 9). Here primers 
derived from the 5' portion of SBQ ID NO: 1 are added to partial cDNA substrate clone 
found by screening a fetal brain cDNA Ubrary as described above. A representative 3'RACE 
reaction used in deteimining the longer sequence is detailed in Example 3 and is described in 
more detui in Part B, below. 

Human p-secretase. as weU as additional members of the neuronal aspartyl protease 
family described b«ein may be identified by the use of random degciierate primers designed 
in accordance with any portion of the polypeptide sequence shown as SEQ ID NO: 2. For 

example, in experiments __ ^detailed in 

Example 1 herem, eight degenerate primer pools, each 8-fold degenerate, were designed 
15 based on a unique 22 amino acid peptide region selected fiom SEQ ID: 2. Such techniques 
can be used to identify fiulher similar sequences fiom other species and/or representing otiier 
. monbers of this protease family. 
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20 



25 



30 



Prepaiat^' pn of polyniicleotides 

The polynucleotides described herein may be obtained by screening cDNA Ubraries 
using oligonucleotide probes, which can hybridize to and/or PCR-ampUfy polynucleotides 
that encode human p-secretase. as disclosed above. cDNA libraries prepared fiom a variety 
of tissues are commercially available, and procedures for screening and isolating cDNA 
clones are weU known to those of skili in die art. Genomic libraries can likewise be screened 
to obtain genomic sequences including regulatory regions and introns. Such techniques are 
described in. for example. Sambrook et al (1989) Molecular Cloning: A Laboratory Manual 
(2nd Edition). Cold Spring Harbor Press, Plainview. N.Y. and Ausubel. FM et al. (1998) 
Current Protocols in Molecular Biology, John Wiley & Sons, New York, N.Y. 

The polynucleotides may be extended to obtain upstream and downstream sequences 
such as promoters, regulatory elements, and 5' and 3' untranslated regions (UTRs). Extension 
of Oie available transcript sequence may be performed by numerous methods known to tiiose, 
of skill in flie art, such as PCR or primer extension (Sambrook et al., supra), or by the RACE 



1^ 



method using, for example, the MARATHON RACE kit (Cat # Kl 802-1 ; Clontech, Palo 
Alto, CA). 

Alternatively, the technique of "restriction-site" PCR (Gobinda et al (1993) PGR 
Methods Applic. 2:318-22), which uses universal primers to retrieve flanking sequence 
5 adjacent a known locus, may be employed to generate additional coding regions. First, 
genomic DNA is amplified in the presence of primer to a linker sequence and a primer 
specific to the known region. The amplified sequences are subjected to a second round of 
PGR with the same linker primer and another specific primer intemal to the first one. 
Products of each round of PCR are transcribed with an appropriate RNA polymerase and 

1 0 sequenced using reverse transcriptase. 

Inverse PCR can be used to amplify or extend sequences using divergent primers 
based on a known region (Triglia T et al. (1988) Nucleic Acids Res 16:81 86). lie primers 
maybe designed using OLIGO(R) 4.06 Primer Analysis Software (1992; National 
Biosciences Inc, Plymouth, Minn.), or another appropriate program, to be 22-30 nucleotides 

15 in l^gth, to have a GC content of 50% or more, and to ameal to the target sequence at 
temperatures about 68-72*C. The method uses several restriction enzymes to generate a 
suitable fi'agment in the known region of a gene. The fiagment is then circularized by 
intramolecular ligation and used as a PCR template. 

Capture PCR (Lagerstrom M e/ al (1991) PCR Methods Applic 1 :1 1 1-19) is a 

20 method for PCR amplification of DNA fragments adjacent to a known sequence in human 
and yeast artificial chromosome DNA. C^ture PCR also requires multiple restriction 
enzyme digestions and ligations to place an engineered double-stranded sequence into a 
flanking part of the DNA molecule before PCR. 

Another method which may be used to retrieve flanking sequences is that of Parker, 

25 JDet al (1991; Nucleic Acids Res 19:3055-60). Additionally, one can use PCR, nested 
primers and PromoterFinder(TM) libraries to "walk in" genomic DNA (Clontech, Palo Alto. 
CA). This process avoids the need to screen libraries and is useful in finding intron/cxon 
junctions. Preferred libraries for screening for fiiU length cDNAs are ones that have been 
size-selected to include larger cDNAs. Also, random primed libraries are preferred in that 

30 they will contain more sequences which contain the 5* and upstream regions of genes. A 
randomly primed library may be particularly useful if an oligo d(T) library does not yield a 
full-length cDNA. Genomic libraries are useful for extension into the 5* nontranslated 
regulatory region. 
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\ Polynucleotides and oUgonucIeotides ^can also be prepared by 

solid-phase methods, according to known synthetic methods. TVpically, fiagments of up to 
about 100 bases are individually synthesized, thai joined to form continuous sequences up to 
several hundred bases. 

B. Isolation of p-Secretase 

The anuno acid sequence for a fuUJength human p-secretase tramlation product is 
shown as SEQ ID NO: 2 in FIG. 2 A 

This sequence lepresentsa^ie pro" form ofthe enzyme that wasdeduced torn the nucleoti^ 
sequence infonnation described in the previous section in conjunction with the methods 
described below. Comparison of this sequence with sequences detennined fiom the 
biologicaUy active form of die enzyme purified fh>m natural sources, as described in Part 4. 
below, indicate that it is likely that an active and predominant form of die enzyme is 
represented by sequence shown in FIG. 2B (SEQ ID NO: 43). in which the first 45 amino 
acids of the open-reading fiame deduced sequence have been removed. This suggests that 
the enzyme may be post-transMonally modified by proteolytic activity, which may be 
autocatalytic m nature. Further analysis. iUustrated by the schematics shown in FIG. 5 
herein, indicates tiiat the enzyme contains a hydrophobic, putative transmembrane region near 
its C-tominus. As described below, . 

inzymc can be truncated prior to this transmembrane region and still retain p-secretase 
activity. 

1. Pmficationofp-secretasefiiom Natural and Recombinant Sources 

~ — p-secretase has now been 

purified fiom natural and recombinant sources. U.S. Patent 5.744.346, incorporated herein by 
reference, describes isolation of p-secretase in a smgle peak having an apparent molecular 
weight of 260-300,000 (Daltons) by gel exclusion chromatography. It is a discovery of Oie 
present invention that the native enzyme can be purified to apparent homogeneity by affinity 
column chromatography. The metiiods revealed herein have been used on preparations fiom 
brain tissue as well as on preparations fiom 293T and recombinant cells; accordingly, these 
methods are believed to be generally applicable over a variety of tissue sources. The 
practitioner will realize that certain of the preparation steps, particulariy the initial steps, may 
require modification to accommodate a particular tissue source and will adapt such 
procedures according to methods known in the art Metiiods for purifying P-secretase from 
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human bnun as well as fiom cells are detailed in Example 5. Briefly, cell membranes or brain 
tissue are homogeiuzed. fiactionated, and subjected to various 

chromatographic matrices, including wheat germ agglutinin.aga«)se (WGA), anion exchange 
chromatography and size exclusion. Activity offiactions can be measured using any 
5 Wiopriateassayforp.secretaseactivity.suchastheMBP<:i25cleavageassaydct^^^ 
Example 4. Factions containing P-secretase activity ehite fiom this cohmm in a peak 
elution volume coHBsponding to a size of about 260-300 kUodaltons. 

The foregoing purification scheme, which yields approximately 1,500-fold 
purification, is siniilar to that described in detail m U.S. Patent 5.744,346. incorporated herein 

10 byreference. Further purification can be achieved 

by applying the cation exchange flow-through material to an affinity column that employs as 
its affinity matrix a specific inhibitor of P-secretase, termed «Pia-P4'staD->V ( NH - 
KTEBISEVN[sta]VAEF-CO,H: SEQ ID NO.: 72). TOs inhibitor, and methods for mling a 
Sepharose affinity column which incorporates it, are described in Example 7. After washing 

15 the column. P-secretase and a limited number of contaminating proteins were eluted with pH 
9.5 borate buffer. The eluate was then fractionated by anion exchange HPLC. using a Mini- 
Q column. Fractions containing the activity peak were pooled to give the final p-secretase 

prepanition. Results of an exemplary run using this purification scheme are summarized in 
Table 1. FIG. 6A shows a picture of a silver-stained SDS PAGE gel run under reducing 

20 conditions.inwhichp-secretaserunsasa70kilodaltonband. TTie same fractions run under 
non-reducing conditions (FIG. 6B) provide evidence for disulfide cross-linked oligomers. 
When the anion exchange pool fractions 18-21 (see nO. 6B) we.* treated with dithiothreitol 
(DTT) and resAromatographed on a Mmi Q column, then subjected to SDS-PAGE under 
non-reducing conditions, a single band rumiing at about 70 kilodaltons was observed. 

25 Surprisingly, the purity of tiiis preparation is at least about 200 fold higher than the 

previously purified material, described in U.S. Patent 5.744,346. By way of comparison, the 
most pure fraction described therein exhibited a specific activity of about 253 nM/h/pg 
protein, taking into consideration the MW of substrate MBP-C26sw (45 kilodaltons). TTie 
: method therefore provides a preparation that is at least about 1000-fold higher purity 

30 (affinity eluate) and as high as about 6000-fold higher purity than that preparation, which 
represented at least 5 to 100-fold higher purity than the enzyme present in a solubilized but 
unenriched membrane fraction from human 293 cells. 



Tabic 1 

Preparation of p-secrctasc from H,im.T, Pro^ 

Total Activity'! a k i rr 

nM^ 



Specific Activity** 
nM/h/figprot. 




% Yield 



Purification 
(fold) 



^ Example 5 also describes purif.ca,ion schemes used for purifying recombinan. materials 
fTom heterologous cells transfected with the p-secre.ase coding sequence. Results from these 
punficataons are illustrated in FIGS. 7 and 8. Further experiments carried out ■ 



■ showed that the recombinant material has an apparent molecular weight 
;n the range from 260.000 to 300.000 Daltons when measured by gel exclusi6n 
: chromatogn.phy. FIG. 4 shows an activity profile of this preparation run on a gel exclusion 
Phromatography column, such as a Superdex 200 (26/60) column, according to the methods 
dcscnbed in US. Patent 5.744.346. incorporated herein by reference. 
1. Sequencing of p-secrctase Protein 

A schematic overview summarizing methods and results for determining the cDNA 

sequence encoding the N-terminal peptide sequence determined from purified p-secretase is 

shown m FIG. 9. N-terminal sequencing of purified P-secretase protein isolated from natural 

sources yielded a 21.residue peptide sequence. SEQ ID NO. 77. as described above. Tlris 

P^Ude sequence, and its reverse translated fully degenerate nucleotide sequence. SEQ ID 

NO. 76. u; shown in the top portion of HG. 4. Two partially degenerate, primer sets used for 

RT-PCR amplification of a cDNA fragment encoding this peptide are' also summarized in 

HG. 4. Primer set 1 consisted of DNA nucleotide primers #3427-3434 (SEQ ID NOS- 22-29) 

shown in Table 3 (Example 3). Matrix RT-PCR using combinations of primer, from this set with 

CDNA reven« transcribed from primary human neurx,nal culture, as template yielded the predicted 

54 bp CDNA product with primers #3428-3433 (SEQ ID NOS: 23-28). also described in Table 3. 

In further experiments • . 

. ~ — It found 

ol,go™,cleotides ft„™ primer seu 1 and 2 could also bo u.ed .„ amplify oDNA fta^c„„ 
of Ihe p^,cw size from mo«.e brain rm^A. DNA se,„e„ce demonsfrafed .ha. such 
pnmcs could also used .o clone .he murine homolog(s) and o.her species homologs of 
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huna„^.ecre,ase and/or aadi.io„a,™e.b«„f.,ea.panylp.,.as.fa„i,,d^^ 

<0 aow=r^„e,Ke; -^BS^lutaPain H« WO; SEQ ,D NO. 65. T,,e « polypeptide' 
^=0"— abou,95%ide„fal,„U,eh™„a„p„,ypep,ide.e,„e„,e 

^ '•'"•"•RACB-PCRf„rAddi.b.,lSe,™=„c<,Clo»g.and™FNAAndyrfs 

™='^'8UO»i„,e™a,„ucleo«dese,„ence(h,™a«3™plifiedfh>g™«p„Wd^ 
™fon«,™„H,ekracHiu.ed«.desig„of,„,e„^prt„.e„^,^„^^^^ 

fcr 3- RACE, and ,ower („™«„di„g, s,™d for 5- RACE (F^l^an. m! A.. M K 
D„* a.^ 0. R. Mart. (,„8, -Rapid p^„,io„ of f„„.fe„^, ^ „^ 

amp,.f,ca«„„,g„i„g,,^^^,^^^^^__^^_^^_._,^^^^^ 

ai^»5(23):8998^,,T»eDNApria«„,„«>dford^.exp«i„»«(«4594«4^^ 

P 38 4 39) « i»„»«ed scl^mattc^y in HO. 9. a»J d« .«e, «^ ^ ^ 

B presenled in Table 4 of Example 3. 

: W'»«"»3459and#3476frable5,SEQIDNOS:38&41)„e.e„«dfcrirt<iai3'RACB 
15 ■"<^;«=»a"»f*"n«eam«,«„ceafem>hel^^^^ 

Ttal.b«^Wp«vion«.ybe=„™b^videdi„»,00pool.of5.0<)0clo™»pe,^^ 

DNA ™ .solaied fton, each pool. A ™„,ey of ,„„ p<„„ „^ ^ ^ ^ 

abo«e.*„S«edindividualp„„l»eon.ai„i„,p.3ee^,,„„,^^„,^^ 
be used for RACE-PCR analysis. 

20 '^^"-'"^■'••'•^raftasmen.w.sofe^^^ 

»ae»on p„xlo«. Tl» PGR p™d« was prt««. »,e gel objected u, DNA sequence 

aaa^y»,.^ngpH™er,3459aabl.5.SEQlDNO:38).Tbe«aul«ngclo.e«,«nee,dcsi,«ed 
aA.wasd..e™i„ed.Sixofd»fe,.^de*ced^^^^^^ 

. ^ . ™' provided inlonal yalidalion of Ihe sequences and 

cfcancdtepn^^ngj^^^^,,,,,^ 

of add,nona> primers for ex,endi„g ^ sequent ^ ^ 
s^eKmg a» opposite stauKl in d„ ,«,,.an, di^cd™,. and ft«he, Wuued i^^^^ 
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A DNA sequence of human P-secretase is illustrated as SEQ ID ] 

conresponding to SEQ ID NO: 1 including 5'- and 3'-untn,n.i,.^ - ^. 

^ ana J -untranslated regions. This sequence 
was determined from a partial cDNA clone f9C7e is'k . a <v 

i-jone ^yu /e.35) isolated from a commercially available 
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f T.^. Di»,rtbu,io„ Of Mcrela^ and Reh,cd T™«rip„ 
laWcd probe „„N«„h. \, "O- Table 5) was employed as an «d- 

10 . mouse cDNA and to oh . • """""^ "^^^ ^° 'he 

in which various hum . ^^^^ ^ summanzes the results of experiments 

. -<..»::;:b-:r~^ 

H wence ol a 2 kb transcnpt in these. ceJls 

transcnpt in Northern blots containing RNAftom«llh y^^toa~2kb 

fh>m both adultandfetal tissue TT^eo "'""'^^^ 

'"^^y^ heart, brain liver 

^«„e^L^ add.Uo„. c««.„ Uss^s. e. pane^as. Hver. b»„, n»^^^^ 

•"Ploying a nboprobe deiived from SEO ID NO- 1 

lOM. ™» clone provides an 860 bo Z T '"^'"'"""^^^ 
30 encoding porton of I "«y«c domain- 

o*ngp„^„„ of |,.,«^ f^^y^ hybridization. IWs orobe 
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with this riboprobe revealed the presence of the 2 kb transcript previously detected with 
oligonucleotide #3460, as well as a novel, higher MW transcript of -5 kb. Hybridization 
of RNA from adult and fetal human tissues with this 860 nt riboprobe also confirmed the 
result obtained with the oligonucleotide probe #3460 (SEQ ID NO: 39). Tbs mRNA 
encoding p-secrctase is expressed in all tissues examined, predominantly as an ~5 kb 
transcript. In adult, its expression appeared lowest in brain, placenta, and lung, 
intermediate in utenis, and bladder, and highest in heart, liver, pancreas, muscle, kidney, 
spleen, and lung. In fetal tissue, the message is expressed uniformly in all tissues 
examined. 
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Table 2 Tissue distribution of human and murine p-secretase transcripts 
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5. Active Farms of P-sccretasc 
3- N-tenninus 

TTie fuU-lmgth open readmg fiame (ORF) of hunian p-sec^ 
and its sequence is shown in FIG. 2A as SEQ ID NO: 2. However, - 

- - It appears that the predominant fonn of the active, 
naturaUyoccurringmoleculeistnmeatedattheN^emunnsbyd^^ n^t 
Js.theprotein P«rifiedfiomnatund sources was N-tenninal sequenced acconiing to md^ 
knownintheart(ArBoBioanalytica.MoirisPlabs,W.). The N-temrinus yielded the 
foll«wingseqttence:EroEEPBBPGRRGSFVEMVDNUlG...(SEQroN0:5 This 
corr«pondstoannnoacids46^9ofthedRF^erivedp„tativesequence. Basedonthis 
observation and othcn described below, the N-terminus of an active, naturally occurring, 
predomuunt human brain form of the enzyme is amino acid 46. with respect to SEQ ID Na. 
15 2. Furttoprocessmgofthepurifiedproteinpn»videdthesequenccofanintenial 
IGFA VS ACHVHDEPR (SEQ H) NO: 56). which is amino terminal to the putative 
t«nsmembrBnedomain.asdefinedbytheORF. These peptides were used to vaUdateand 

provide reading W information for the isohtfed clones descnljed cbew^ 
plication. 

20 In additional studies carried out ■ __xt* • . 

" N-tenninal 

sequencing of p-secretase isolated fiom additional cell types revealed tiiat the N-terminus 
may be amino acid numbeis 46, 22, 58. or 63 with ,«^ect to the ORF sequence shown in 
FIG. 2A. depending on the tissue fiom which tiie protein is isolated, with the form having as 

atsN.teiminusaminoacid46pmlominatinginthetiss«estested. Ttat is. in experiments 

25 carried out . > ■— 

■ tile fuU-laigfli p-secretasc construct (Le.. 

encoding SEQ m NO: 2) was tnmsfected bto 293T cells and COS A2 cells, using the Fugo^ 
techniquedescribedinBxamplee. P-sec«tase was isolated fiom flie cells by preparing a 
crude particulate fiaction fiom the cell peUet. as described in Example 5, foUowed by 
extraction wifl, bulFer containing 0.2'/. Triton X- 100. Ue Triton «xtn«.t was diluted with pH 
30 5.0 buffer and passed through a SP Sepharose column, essentially according to flie mcdiods 
described in Example 5A. TTus stq, removed tiie majority of contaminating proteins. After 
adjusting the pH to 4.5. P-secretase was further purified and concentnrted on PIO- 
P4'staD-*V Sepharose, as described in Examples 5 and 7. Fractions were analyzed for N- 
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ternrinal sequence, accoidingtostandanlinethoik Results are summarized 

in Tabic 3. below. 

The primaiy N-tcnninal sequence of the 293T ceUKlerived protein was the same ^ 
that obtained fiom braia In addition, minor amounts of protein starting just after the signal 
sequence (at nn:-22) and at the start of the aspartyl protease homology domain (Met-63) were 
also observed. An additional major form found in Cos A2 cells resulted from a Gly-58 
cleavage. 

Tables 
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Source 
Human brain 


Est Amount 
(pmoles) 
1-2 1 


N-terminus 
(RefrSEOIDNO: 2^ 


Sequence 


Recombinant, 293T 


-35 
~7 
-5 


46 
46 
22 
63 


ETDEEPEEPGR...(SEQIDNO: 99) 
ETDEEPEEPGR..,(SEQIDNO: 99) 
TQHG1RL(P)LR...(SEQIDN0: 100) 
MVDNLRGKS... (SEQ ID NO: 101) 


Recombinant, CosA2 


~4 
-3 


46 
58 


ETDEEPEEPGR.. .(SEQ ID NO- 99) 
GSFVEMVDNL...(SEQIDNO: 102) 



15 



b. C-temiinus 
Further ejqieriments carried out • 



revealed that the 



20 



25 



Cteiminus of the full-length amino acid sequence presented as SEQ ID NO: 2 can also be 
truncated, whHe still retaining P-secretase activity of the molecule! More specificaUy. as 
described in more detail in Part D below. C4eiminal truncated forms of the enzyme ending 
just before the putative transmembrane region, Le. at or about 10 amino adds C temnnal to 
amino add 452 with respect to SEQ ID NO: 2. exhibit P-secretase activity, as evidenced by 

an ability to cleave APP at the appropriate cleavage site and/or ability to bind SEQ ID NO 
72. 

Thus, using the reference amino acid positions provided by SEQ ID NO: 2, one form 
of P-secretase extends fiom position 46 to position 501 (p^tase 46-501 ; SEQ ID NO: 
43). Another form extends fiom position 46 to any position inchxdmg and beyond position 
452, (P-secretase 4-452+). with a preferred form bdng p-secretase 46-452 (SEQ ID NO: 

58). More generally, another fomi extends from position 1 to any position 

includingandbeyondposition452.butnotincludingposition501. Other active fomis of the 
P-secretase protdn begin at amino acid 22. 58. or 63 and may extend to any point including 
and beyond the cysteine at position 420. and more preferably, including and beyond posiUon 
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452. w*ile stUl retaining enzymatic activity (i.e., p-secretase 22-452+; p-secretase 58^52+; 
p-secretase 63-452+). As described in Part D, below, those fonns which are truncated at a 
C-tenminal position at or before about position 452, or even several amino acids thereafter, 
are particularly useful in ciystaUization studies, since they lack all or a significant portion of 
the transmembrane region, which may interfere with protein crystallization. The recombinant 
protein extending from position 1 to 452 has been afiSnity purified using the procedures 
desoibedherdn. 
C Crystallization of P-seoi^e 

Purified p-secretase nmy be provided — 



in crystallized form, in the absence or presence of bindmg substrates, such as peptide, 
modified peptide, or small molecule inhibitors. This section describes methods and utilities 
of such compositions. 

1 . Crystallization of the Protein 

p-secretase purified as desoibed above can be used as starting material to determine a 
crystallographic stnicture and coordinates for the enzyme. Such stnictural determinations arc 
particularly usefiil in defining flie conformation and aze of tiie substrate binding site. This 
bformation can be used in the design and modelmg of substrate inhibitors of the enzyme. As 
discussed herein, such inhibitors arc candidate molecules for tiiraapeutics for treatment of 
Alzheimer's disease and other amyloid diseases characterized by Ap pq)tide amyloid 
20 dq>osits. 

The crystallographic structure of p-secretase is detennined by first crystallizing the 
purified protem. Methods for caystallizing prolans, and particularly proteases, are now well 
known in Ore art. The practitioner is referred to Principles of Ptotein X-rav CWstallnp raphv 
(J. Dnaith, Springo- Veriag, NY, 1999) for goioal principles of crystallogiaphy. 
Additionally, kits for generating protdn crystals are generaUy availrfjle fiom commercial 
providers, such as Hampton Research (Laguna hTiguel, CA). Additional guidance can be 
obtained fiom numerous research articles that have been written in flie area of oystallography 
of protease inhibitors, especially with respect to fflV-1 and HIV-2 proteases, which are 
a^aitic acid proteases. 

Although any of the various forms of P-secretase described herein can be used for 
crystallization studies, particularly preftaxcd forms lack tiie first 45 amino acids of the fiill 
length sequence shown as SEQ ID NO: 2, since this appears to be the predominant form 
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-^^n«,o„,.p„ss.b,y a„,„ca.„3,.i, sc„es ,„ remove ,he firs,45 an,i„„ acid. i„ fair.y 

— .^.s .s a f„™ of ,he cnz^e ,ha, (a) p^Wdes ,he p^™,W. „a,^„, ^,^„^ 
lOTiinus, and (b) lacks lhe"siickv",™„™. ^ ccimingN 

^-...,.0-,5a„.„„aclds,..„.e.^^^ 

.sa.leas. ""»fte»,„d,„gafli„i„„fp.3^^,,„^3„,„^^Q^^^ 

P4 «aD->V (SEQ ID NO: 72). Therefce. a „un,ber of addiUon.1 .™„caW fo™ of 

tte enzj™ can be used i„ U,e« sMdies. Sui«ili.y of an, parttcniar fom, can be 

by contacMng i, wiO, .he P10-P4sM)->V affinity n.aWx descdbed above 
TnnK^Bd fo^s of *e cnzynx, ta bind .0 d,c matt, are sui«e for such f«her ' 
».ly»is. Thus, in addidon «, 4M52. discussed above. «tpedn»n.s in sappo« of a« 
I>««n. invention have revealed Aa, a m,„caled fonn ending to residue 419, mos, 

l*=l,4«^I9(SEQIDNO: 71). also WndstoU^ affinity nrawxandisttrereforean 
altenrate candidate poteta compositi™, for X-ray crysuHognvhic analysis of p- 
™, More generally, any fonn of the enzyme that ends befote U,c transn^mbrane 
doma.^ particuWy those ending between about residue 419 and 452 are suitable to 

this regard. 

At the N-tenninus. as described above, genei^ly the fim 45 amino acids will 

be removed duringcellularprocessing Other suitable naturally occumng or exp.e^^^ 
fonns mclude. for example, one commencing at residue 58 and one commencing at 
«s.due 63. However, analysis of the entire enzyme, starting at r^idue 1. can also 
prov.de mformation about the enzyme. Other forms, such as 1-420 (SEQ ID NO 60) to 
1-452 (SEQ ID NO: 59). including intermediate forms, for example 1-440 can be 
useful m this regard. In general, it will also be useful to obtain stnrctui^ on any 
subdomain of the active enzyme. 

y 
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Methods for purifying the piotein, including active fonns. are desOT In 
addition, since the protein is apparenUy glycosylated in its naturally occurring (and 
mannnalian^rcssed recombinant) fonns. it may be desirable to express the protein and 
purify it from bacteria! sources, which do not glycosylate mammalian proteins, or express it 
in sources, such as insect cells, that provide uniform glycosylation patterns, in order to obtain 
ahomogeneous composition. Appropriate vectors and codon optimization procedures for 
accoiiq)lishing this are known in the art. 

FoDowing expression and purification, the protein is adjusted to a concentration of 
about 1 -20 mg/ml. In accordance with methods that have woriced for other oystallized 
proteins, the buffer and salt concentrations present in the initial protein solution are reduced 
to as low a level as possible. This can be accomplished by dialyzing the sample against the 
starting buffer, using microdialysis techniques known in the art. Buffers and crystallization 
conditions will vary from protein to protein, and possibly from fragment to fragment of the 
active p-secretase molecule, but can be determined empirically using, for example, matiix 
methods for detennining optimal cystallization conditions. (Drentz. J., supra; Ducnrix. A.. 
etal., eds. Crystallization of Nucleic Acids andProteirs: A Practical Approach, Oxford 
University Press, New York, 1992.) 

Following dialysis, conditions are optimized for crystallization of the protein. 
Generally, mefljods for optimization may include making a "grid" of 1 nl drops of the protein 
solution, mixed with 1 1^1 well solution, which is a buffer of vaoongpH and ionic strength. 
These drops are placed in individual sealed weUs, typically m a "hangmg drop" 
configuiation. for example in commercially available containers (Hampton Research. Laguna 
Niguel, CA). Precipitation/crystallization typically occurs between 2 days and 2 weeks. 
Wdls arc checked for evidence of precipitation or ciystallization. and conditions are 
optimized to form crystals. Optimized crystals are not judged by size or morphology, but 
rather by the diffraction quality of crystals, which should provide better than 3 A resolution. 
Typical precipitating agents include ammonium sulfate (NH^SO^. polyetiiylene glycol (PEG) 
and metijyl pentane diol (MPD). All chemicals used should be die highest grade possible 
(e.g., ACS) and may also be re-purified by standanl methods known in the art. prior to use. 

ExempUiry buffers and precipitants forming an empirical grid for determining 
crystallization conditions are commercially available. For example, the "Crystal Screen" kit 
(Hampton Research) provides a sparse matrix method of trial conditions tiiat is biased and 
selected from known crystallization conditions for macromolecules. This provides a "grid" 



10 



for quickly testing wide ranges of pH, salts, and precipitants using a very small sample (50 to 
100 microWers) of macromolecule. In such studies, 1 )xl of buffer/precipitant(s) solution is 
added to an equal volume of dialyzed protein solution, and the mixture are allowed to sit for 
at least two days to two weeks, with careful monitoring of crystallization. Chemicals can be 
obtained fiom common commercial suppliers; however, it is preferable to use purity grades 
suitable for crystallization studies, such as are supplied by Hampton Research (Laguna 
Niguel, CA). Common buffers include Citrate, TEA, CHES, Acetate. ADA and the like (to 
provideaiangeofpHoptima), typically ataconcentrationofabom lOOmM. Typical 
precipitants include (NH,),SO„ MgSO^ NaCl, MPD, Ethanol, polyethylene glycol of 
various sizes, isopropanol, KCl; and the like (Ducraix). 

Various additives can be used to aid in improving the character of the crystals, 
including substrate analogs, Ugands, or inhibitors, as discussed in Part 2, below, as well as 
certain additives, including, but not limited to: 
5 % Jef&mine 
15 5 % Polypropyleneglycol P400 
5 % Polyethylcneglycol 400 
5 % ethyleneglycol 
5 % 2-methyI-2,4-pentanediol 
5 % Glycerol 
20 5%Dioxane 

5 % dimethyl sulfoxide 
5 % n-Octanol 
100mM(NH4)2SO4 
lOOmMCsQ 
25 100mMCoSO4 
lOOmMMnCE 
lOOmMKCl 
lOOmMZnSCM 
100mMLiC12 
JO 100mMMgC12 
100 mM Glucose. 

100 mM 1,6-Hcxanediol 100 mM Dextran sulfate 
100 mM 6-amino c^roic acid 
100 roM 1,6 hexane diamine 
(5 100 mM 1,8 diamino octane 
100 mM Spermidine 
100 mM Spermine 

0. 1 7 mM n-dodecyl-B-D-maltoside NP 40 
20 mM n-octyl-B-D-glucopyranoside 

According to one discovery of the present invention, the fuU-length p-secretase 
enzyme contains at least one transmembrane domain, and its purification is aided by the use 
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4*452 (SEQ ID NO: 58), is cystallized 

15 induce c,,aalli2a|j„„j„u„<^^ ' ™'""'"»y 

Under .r'^^r « '^^ 

and bior" " "'^'^ SDS-PAGE) 

paHems arc analysed, „si„g moho* known i„ a,e art. 

~"'"~'^'''""'""™"°"'''"'"™'='"*"''-^*«""'- 
-corded on eon,p„,er readable n,ed™. by whicb is mean, any medi„™ 0., ean be read and 
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direcUyacccessedbyacomputer. Hiese data may be used to model the enzyme, a 
subdomainthereof.oraligandthertof. Computer algorithms usefid for this application are 
publicly and commCTcially available. 

5 2. Crystallization ofProtein plus Inhibitor 

As mentioned above, it is advantageous to co-aystaUizc the protein in the presence of 
abmdingUgand.sucbasinhibitor. Generally, the process for optimizing oystallization of 
theprotein is followed, with additionof greaterthan 1 mM concentmion of the inhibitor 
ligandduringthepredpitationphase. These aystals are also compared to crystals formed in 
the absence of Hgand. so that measurements of the ligaad bmding site can be made. 
Alternatively. 1-2 m of 0.1-25 mM inhibitor compound is added to the drop contaimng 
ciystalsgrownintheabsenceofiiJu^itbrinaprocessknownas"^^ Basedonthe 
cooid,natesofthebindingsite.fhrtherinhibitoroptimizationisachieved. Suchmethods 
have been used advantageously in finding new, more potent inhibitors for HIV proteases 
15 (See. e.g., Viswanadhan. V.N.. et at. J. Med. Chem. 39: 705-712. 1996; Muegge. L. et al. J. 
Med. Oiem. 42: 791-804. 1999). 

One inhibitor ligand which is used in these co-crystallization and soaking experiments 
.s Pia-P4'staD->V (SEQ ID NO: 72). a statin peptide inhibitor described above. Methods 
formaldngthemoleculearedescribedherein. The inhibitor is mixed with p-secretase. and 
20 ««»ixtureissubjectedtothesameoptimizationtestsdescribedabove^ 

thosecondiaonsworkedontfortheenzymealone. Coordinates are determined and 
comparisons are made between the fiee and Ugand bound enzyme, according to metho*^ 
knownmtheart Further comparisons can be made by conq,aring the inhibitory 
concentrations of the enzyme to such coordimrtes. such as described by Viswamidhan. et al, 

25 5^p.a. AnalysisofsuchcomparisonsprovidesguidancefordesignoffurtherinhiTjitoB^ 
using fliis method 

D. Biological Activity of p-se<aetase 

1. Naturally occurring P-secretase 

Isolated, purified forms of P- » ; 
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sccretase were tested for enzymatic activity using one or more native or synthetic subsUates 
For example, as discussed above, when P-secretase was prepared from human brain and 



.og^hy (,„, «ep, „„ an SDS-polyacxyla^de ge, under redu^^^^ 
2. IsolaledRecombinanip-secrelase 

' 6 ''''~*°'^-*'*P<»'''«'«»l"«- For ex»vle. as detailed to Ex«,»le 

Z r ^ "'"^ "ra^fecu™ 

.5 ---«'f-,hepa«„,vec.rpCDKA3,con™e.ia,.,avai,^^^ 

nse«.ngSBQIDNO:BO(HO.„A)be.weend,e«ndma„dBooR,.«.,™u4»nI 
encompass. .He adenovi™ n,aJor,a^ pr.n,o.errtpa.,«te.^«,„^. andaTybrtd 

^«ec.a«df™made,„vi™„„j,,U,e,egionflrs.e,ona„dto»„„andasyn»««.^^^ 
eeneraledlgO variable Kgion splice acceptor. 

pX^7!r r '"'"^ • PED .agn-en. was 

P^byd.ge.u„g,,,«,Pv^andSn,ai.fo.towedbyg.,p™fica«on„r«,e,esdUn.4>9 
^ '--;;'^--«c>..a.r„,0,ersc.«,edf„orie«a«™^ 

i^gui and Xbal, filled in, and the laree 9 i s irK . - - 

pc.vecjjcaCcr:2:r:rr"™^^ 

particulate fr,..' ^ P^"«t«* ^nd a crude 

X 100. 11,0 Tnlon e.ft«., was diluled wift pH 5.0 bnfler and passed 
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llirough a SP Sepharose column. After the pH was adjusted to 4.5. p-secretase activity 
containing fiactions were concentrated, with some additional 

P4'(statine)D->V Sepharose. as described for the brain enzyme. Silver staining of fiactions 
revealed co-purified bands on the gel. Fractions corresponding to these bands were subjected 
5 to N-tennmal amino acid detennination. Results fiom these experiments revealed some 
hcteiogeneityofp-sectetasespecieswithinthefiactions. These species represent various 
. fonns of the enzyme; for example, fiom the 293T cells, the primary N-teiminus is the same as 

that found in the brain. wherc(with respect to SEQ ID NO: 2)amino acid 46 is at the N- 
temumis. Mmor amounts of protein starting just after the signal sequence (at residue 23) and 
10 at the start of the aspartyl protease homology domain (Met^3) were also observed. An 
additional major formrof protem was found in Cos A2 ceUs. resultmg fiom cleavage at Gly- 
58. These results are summarized in Table 3, above. 

2. Comparison oflsolated. Naturally Occurring p-secretase with 

Recombinant p-secretase 
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As described above, naturally occurring p-secretase derived fiom human brain as well 
as recombmant fonns of the enzyme exhibit activity in cleaving APP. particularly as 
evidenced by activity in the MBP-C125 assay. Further, key peptide sequences fiom the 

naturally occurring forin of the enzyme match portions of the deduced sequence derived fi«m 
20 ''I'^ingtteenzyme.Furtherconfiimaticmthatthetwoenzymes 

firm, additional experiments in which various inhibitors were found to have ve^r similar 
aflSnities for each enzyme, as estimated by a comparison of IC„ values measured for each 
enzyme under similar assay conditions. These inhibitors were discovered in accordance with 
a furtirer aspect of the invention, which is described below. Significantiy. flie inhibitors 
produce near identical IC,, values and rank oitleis of potency in brain-derived and 
recombinant enzyine preparations, when compared in the same assay. 

In fiuther studies, comparisons were made between the fiill length recombinant 
enzyme having a C-terminal flag sequence TLpSOl " (SEQ ID NO: 2, + SEQ ID NO: 45) and 
a recombmant enzyme truncated at position 452 ••452Stop" (SEQ ID NO: 58 or SEQ ID NO: 
59). Both enzymes exhibited activity in cleaving p-sccretase substrates such as MBP.C125 
as described above. The C-terminal truncated fonn of Uie enzyme exhibited activity in 
cleaving the MBP^l25sw substrate as well as the P26-P4' substrate, with similar rank order 
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Of potency for the various inhibitor drugs tested In addition, the absolute IC«s were 
comparable for the two enzymes tested with the same inhibitor. AU IC»s were less than 10 
|iM. 

1. Cellular p-secretase 

Furtherexperiments —have revealed that the 

isolated p-secretase polynucleotide sequences described herein encode p-secretase or p- 
secretase fiagments that are active in cells. This section describes how 



■ cells were transfected wiA DNA cncodii^ p-seoetase alone, 
or were co-transfected with DNA cncoding-secretase and DNA encoding wild-type APP as 
detailed in Example 8. 

a. Transfectionwitfap-secretase 
Clones containing genes 



expressing the full-length polypeptide (SEQ ID NO: 2) wci« transfected into COS cells 
(Fugene and Effectcne methods). Whole cell lysates were prepared and various amounts of 
lysate were tested for P-secretase activity according to standard methods known in the art or 
describedinExample4hcrein. FIG. 14B shows the results of these experiments. Asshown, 
lysates prepared from transfected cells, but not fiom mock- or control cells, exhibited 
considerable enzymatic activity in the MPB-C125sw assay, indicating "overexpression" of P- 
secretase by these cells. 

b. Co-transfectionofCells with p-secretase and APP 

In further experiments, 293T cells were co-transfected with pCBK clone 27, Figures 12 
and 13 or poCK vectorcontaining the full length p-secretase molecule (1-501; SEQ ID NO: 
2) and with a plasmid containing either the wild-type or Swedish APP construct pohCK751, 
as described in Example 8. fi-specific cleavage was analyzed by ELISA and Western 
analyses to confirm that the coirect site of cleavage occurs. 

Briefly. 293T cells were co-transfected with equivalent amounts of plasmids encoding 
PAPPsw or wt and p-secretase or control P-galactosidasc (P-gal) cDNA according to standard 
methods. PAPP and P-secretase cDNAs were delivered via vectors. pohCK or pCEK, which 
daJial replicate in 293T cells 0)CEK-cione 27. FIGs. 12 and 13;pohGK75l expressing PAPP 
751, FIG. 21). Conditioned media and cell lysates were collected 48 hours after transfection. 
Western assays were carried out on conditioned media and ceU lysates. ELISAs for 
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detection of AP peptide were carried out on the conditioned media to analyze various APP 
cleavage products. 

W^en^Ptot Results 

It is known that p-secretase specifically cleaves at the Met-Asp in APPwt and the 
Leu-Asp in APPsw to produce the AP peptide, starting at position 1 and releasing sohible 
APP (sAPPP). Immunological reagents, specifically antibody 92 and 92sw (or 192sw), 
respectively, have been developed that specifically detect pleavage at this position in the 
APPwt and APPsw substrates, as described in U.S. Patent 5,721,130, incorporated herein by 
reference. Western blot assays were carried out on gels on which cell lysates were separated. 
These assays were performed using methods well known in the art, using as primary antibody 
reagents Ab 92 or Ab92S, which are specific for the C terminus of the N-tcraiinal fragmoit of 
APP dCTived bom APPwt and APPsw, respectively. In addition, ELIS A format assays were 
performed using antibodies specific to the N tenninal amino acid of the C terminal fiagment 

Monoclonal antibody 13G8 (specific for C-terminus of APP - epitope at positions 
675-695 of APP695) was used in a Western blot format to determine whether the transfccted 
cells express APP. FIG.15A shows that reproducible transfection was obtained with 
expression levels of APP in vast excess over endogenous levels (triplicate wells are indicated 
as 1, 2, 3 in FIG.15A). Three forms of APP - mature, immature and endogenous - can be 
seen in cells transfccted with APPwt or APPsw. When p-secretase was co-transfected with 
APP, smaller C-terminal firagments appeared in triplicate well lanes from co-transfected. cells 
( Western blot FIG. 15 A, right-most set of lanes). In parallel experiments, where cells were 
co-transfected with p-secretase and APPsw substrate, literally all of the mature APP was 
cleaved (right-most set of lanes labeled "i;Z,3" of FIG. 15B). This suggests that there is 
extensive cleavage by p-secretase of the mature APP (uppo- band), which results in C- 
tenninal fiagments of expected size in the lysate for cleavage at the P-secretase site. Co- 
transfection with Swedish substrate also resulted in an increase in two different sized CIT 
fiagments (indicated by star). In conjuction with the additional Westem and EUSA results 
described below, these results are consistent with a second cleavage occurring on the APPsw 
substrate ag^the initial cleavage at the p-secretase site. 

Conditioned medium from the cells was analyzed for reactivity with the 192sw 
antibody, which is specific for P-s-APPsw. Analysis using this antibody indicated a dramatic 
increase in p-sccretase cleaved soluble APP. This is observed in the gel illustrated m FIG. 
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16B by comparing the dark bands present in the "APPsw psec" samples to the bands present 
in the "APPsw pgal" samples. Antibody specific for P-s-APPwt also indicates an increase in 
P-secretase cleaved material, as illustrated m FIG. 16A.. 

Since the antibodies used in these experiments are specific for the P-secietase 
cleavage site, the foregoing results show that p50I p-secretasc cleaves APP at this site, and 
the overexpression of this recombinant clone leads to a dramatic enhancement of P-sccretase 
processing at the correct P-secretase site in whole cells. This processing works on the 
wildtypc APP substrate and is enhanced substantially on the Swedish APP substrate. Since 
approximately 20% of secreted APP in 293T cells is P-sAPP, with the increase observed r 
below for APPsw, it is probable that ahnost all of the sAPP is p-sAPp. This obsCTvation was 
fiirthcr confirmed by independent Western assays in which alpha and total sAPP were 
measured. 

Monoclonal antibody 1736 is specific for the exposed a-secretase cleaved p-APP 
(Selkoe, et al,). When Western blots were performed using this antibody as primary 
antibody, a slight but reproducible decrease in a-cleaved APPwt was observed (FIG. 17A), 
and a dramatic decrease in a-cleaved APPsw material was also observed (note near absence 
of reactivity in FIG. 1 7B in the lanes labeled "APPsw psec"). These results suggest that the 
ovCTCxpressed recombinant p501 p-secretase cleaves APPsw so efficiently or extensively that 
there is little or no substrate ranaining for a-secretase to cleave. This fiirther indicates that 
all the sAPP in APPsw Psec samples (illustrated in FIG 16B) is B-sAPP. 
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Conditioned media fron, the recombinant cells was coUected. diluted as necessary and 
tested for Ap peptide p„,duction by EUSA on microtiter plates coated with ^^^^ 
»«^y2G3.whichisspedficfor«cognizmg.heC-tenninusofAM 
«^<»»««ti"ylat<xln^b3D6.whichmeasuresA|Hx-40)a.e..aIlN-t^^ 
fonns of ihe AP peptide). Oycr^r^^ of p-sec«tase with APPwt resulted in an 

approximately 8.fold uKrease in AP(x-40) p^duction. with 
Pe««ntageofthetotd.TTxere was alsoasubstaotial increase in thepro^^^ 
<^G»8)WithAPPswtherewasa„appxoximate2-foldincre^ 
a^ttermgtoanyparticularunderlyingtheoryjtisthoughtthat*^ 
/^x-40)P-sec/APPswcaUsincomparison.othep-sec^^ 

that pnKessingoftheAPPswsubstrateismuch more efBcient than that ofthe APPwt 
«a,strat.TT.tis.asignificantamountofAPPswisprocessed^ 
fimhermcreases "Pontransfectionofp-secretase are therefore Umited. Ihese data indicate 
15 that the expression of recombinant P-sec«tase increase Ap p«duction and that B-secretase is 
mehmitingforproductionofApincells. Ihis means that p-secretase enzymadc activity is 
rate lunitmg for production of Ap in cells, and therefore provides a good therapeutic target. 

IV. Utility 

^ ^*P'*«''°n Vectors and Cells Expressing p-secretase 

Further cloning and expression of members of the aspaityl protease family described 
above, for example, can be carried out. for example, by inserting polynucleotides encoding die 
^nsmtostandardexpressionvectorsandt^^ectingapp^^ 
standardmethodsdiscussedbelow. Such expression vector, and cells expressing, for 
example, the human p-secretase enzyme described herein, have utility, for example, in 
pnHlucmgcompone„te(purifiedenzymeortransfectedcells)forthescreenin8^^^ 
<i-ussedinPartB.below. Such purified enzyme also has utiUty in providing starting 
-ter,akforcrystaUizationofthce„zyme.asdescribedinScctionni.a^^^^ Inpa^icular 
^^fon„(s)oftheenzyme.suchasl-452(SEQn)NO:59)and46-452(SEQlD " 
N0^8). and the deglycosylatedfom^softhe enzyme descr«^ herein are considered^ 
^ly m .h. regam. as are other forms tnmcatcd partway into the transmembrane region for 

exampleammoac.dresiduesl-460or46-458inr«ferencetoSEQIDNO:2. ' 
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Polynucleotide sequences which encode 



tammp,«cn*«c.spUcev.riai^^ 

equivalents thcr^t collectively n.fem:d to hcndn as 

recombinantDNAmolec«lesthatdixecttheexp,essionofp^^ 
5 '=«^'«I>"«totheinhe«ntdcgenen«:yofthegeneticcode.oft^ 
encode sul^tantiallythesameora&ncaonaUyequi^^^ 

toclone^dcxp^ssp-secr^tasc. S^y^oos^^^^rcmy^scc^lcto^ 
sblledmtfaeait, 

TT»polya«cIeotidc»qucnccs:,_ : ^canbce^giace»diaardc^to 

a^tcrap.secn*asecodings«p.e«:eibravarietyof„»^^ 
aItenuions1hatnKHUfythecloning.processinga.u,/«^^^ 

example.dtenaionsmaybeintnKl«x.l„singteci„riques^^^ 
e.g, s.,^ected mutageoesb. to insertnewrestriclfc^ 
^°'*»S«<»donprefe«»ce.toprod«cespUcevarian^^ 
15 -*--a8~'-top„Hlucep-sec^^g^,^,^^„^^p^^^ 

natundlyoccurri^gcodons. Codonsp„.ferxcd by a particular p„>karyotic or eukaryotioh^ 
(Munay.E era/. (1989) N«c Acids Res 1 7:477-508) c«. be selected, for exainple. to 
merease tte rau. of p^secrctase polypq,tide cxpm«aon or to 
^tshavingdesina,Iep™pertics.sud.asalongerhdf-B^ 
20 fiom«^yp«^«^^^, T^-ybeparticularty^^fiainprodudngrecornbinant 
«iq™emnon.^nanMnaliancells,suchasbacteriaI,yeast.ori^ _____ 
Recombinant constructs comprising one or moi« of the sequences as bn^^^^ 
canbep^vided. The constructs comprise a vector, such as a plasmid or viral vector, into 

^ -'"•^^-"lu'-eoftheinvenu-onhasbeeninserted.inafonvaniorreverseoriento^^^ TT.e 
construct may further comprise regulatory 

sequence,.incI«lin8.forexample.apromoter.opena,lyfinl«xitothe«^ Large 

numben,ofsuitablevecton.andpronK,te«arclaK«mtod.oseofskfllintheart. 
comn^ercialfy available. App^priatecloninga^lexpre.^^^ 

and eukaiyotic hosts are also described in SambnK,k. ef < («pro). 

Host cells that are genetically engineered with such vector, may be provided, as can the 
production of proteins and polypeptides of the invention by recombinant techniques. Host cells 
are genetically engineered (i.e., transduced, transformed 
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ortonsfectcd)with the vectors which may be. for example, a cloning vector 

•oraaexpressionvector. Tl»evectormaybe.for«amplc,inthefomiofapIasaud.avind 

Part.de.aphage.dc. TT^engineeredhostcellscanbecu^ 

»«J»"«J>fieda.appn,priateforacUvatiagpn»K>te,..sete^ 

thep-secretasegcne. ll»e culture conditions, such as tempen^pH and the like. a« those 

^^uslyusedwiththehostcellselectedforexp^ssion.^ 

^edmtheart Bxen,,laxy methods for tnu.fec.i» of various types of ceU^ 
in Example 6, hoeia 

As desCTibed above, —— : 

10 ^^pnafec,cdwithaaenzymesubs,mc.s«*aswithAPP(^^ 

Swed«hmutationfonn).inonlertomcasureac.ivi,yinaceUenvir^^ Sudihostcells 

-ofpartKu,aruti«tyin-scr.^g3ssay._ ^pa^culariyfor 

«c««ung for then„eutic agents that a« able to tnwen« cell membranes. 

The polynucleotides — ' _ . . , , . 

,r , . ^inay be included in any ofa variety of 

expi^sionvectorssuitableforexpi^^ingapol^^^^^ Such vectors include ch„»osomal. 
ncHKWosomal and synthetic DNAsequcnces.e.g..d^^^ 
Pbsnuds; phage DNA; baculovinu, yeast plasnuds; vector 
pI«»,ds«HlphagcDNA,viraIDNAsuchasvaccinia.adenovu^^ 

ftchost IT^api^^teDNAsequencen^ybeinsertedintothev 

Px^urcs. I°8enaal.theDNAse^enceisi„sertedintoanappropriatere^^^ 

««tonucleascdte(s)byprocedurcslaK>wninthea^ 

clomng p„,cedures are deemed to be vdthin the scope of those skUlcd in tt^ 

25 H» .'^°'^'^*°'*^'^«^"»^<>»-«*>r«ope,ativelyludcedtoana^^ 
.n»«:npt,oncontrolsequence(promotcr)todir^ 

2a^«sinclude:CMV.LTKorSV40promoter..he^.co/nacortrpp„^^^^ 
lambda PL pmmoter. and otf.er promote, known to control expression of genes in 
1-olcao.oticoreukaryoaccelbortheirvi^^^ TT.e expression vector also contains a 

30 2?^''^'''''''"'^'''""'"'*'^°'^ ^-ector 
inayalsomcludeappropriatesequencesforamplifyingexpression. Inaddition the 

2'^ionvectorsprefbrably«,ntainoncormon,selectablemarkerg«^ 

Phenotypactraitforsclectionoftnu^fom^edhostcellssuchasdihydrofolatereduc^^ 



neomycin resistance for eukaryotic cell culture, or such as tetracycline or ampicillin 
resistance in E. colL 

The vector containing the appropriate DNA sequence as described above, as well as 
an appropriate promoter or control sequence, may be employed to transform an ^ropriate 
5 host to permit the host to express the protein, . Examples of appropriate expression hosts 
include: bacterial cells, such as E. coli, Streptomyces, and Salmonella typhimurium; fungal 
cells, such as yeast; insect cells such as Drosophila and Spodoptera Sf9; mammaUan ceUs 
such as CHO, COS, BHK, HEK 293 or Bowes melanoma; adenoviruses; plant cells, etc. It is 
understood that not all cells or cell lines will be capable of producing fiilly functional p- 
10 secretase; for example, it is probable that human P-secretase is highly glycosylated m native 
foim, and such glycosylation may be neccssaiy for activity. In this event, eukaryotic host 
cells may be preferred. The selection of an appropriate host is deemed to be within the scope 
of those skilled in the art from the teachings herein. The invention is not limited by the host 
cells employed. 

1 5 In bacterial systems, a number of expression vectors may be selected depending upon 

the use intended for P-secretase. For example, when large quantities of p-secretase or 
fragments thweof are needed for the induction of antibodies, vectors, which direct high level 
expression of fusion proteins that are readily purified, may be desirable. Such vectors 
include, but are not limited to, multifunctional £. coli cloning and expression vectors such as 

20 Bluescript(R) (Stratagcne, La JoUa. CA), in which the p-secretase coding sequence may be 
ligated into the vector in-frame with sequences for the amino-terminal Met and the 
subsequrat 7 residues of beta-galactosidase so that a hybrid protein is produced; pIN vectors 
(Van Heeke & Schuster (1989) J Biol Chem 264:5503-5509); pET vectors (Novagen, 
Madison WI); and the like. 

25 In the yeast Saccharpmyces cerevisiae a number of vectors containing constitutive or 

inducible promoters such as alpha factor, alcohol oxidase and PGH may be used. For 
reviews, see Ausubel et aL (supra) and Grant et al (1987; Methods in Enzymology 153:516- 
544). 

In cases where plant expression vectors are used, the e3q)ression of a sequence 
JO encoding P-secretase may be driven by any of a number of promoters. For example, viral 
promoters such as the 35S and 19S promoters of CaMV (Brisson et al (1984) Nature 
310:51 1-514) ihay be used alone or in combination with the omega leader sequence from 



TMV (Takamatsu et al. (1987) EMBO J 6:307-31 1). AltemaUvely. plant promoters such as 
the small subunit of RUBISCO (Coruzzi et al (1984) EMBO J 3:1671-1680; Broglie et al. 
(1984) Science 224:838-843); or heat shock promoters (Winter J and Sinibaldi RM (1991) 
Results. Probl. CeU Differ. 17:85-105) may be used. These constructs can be introduced into 
plant cells by direct DNA transfonnation or pathogen-mediated transfection. For reviews of 
such techniques, see Hobbs S or Muny LE (1992) in McGraw HiU Yearbook of Science and 
Technology, McGraw Hill, New York, N.Y., pp 191-196; or Weissbach and Weissbach 
(1988) Methods for Plant Molecular Biology, Academic Press. New York, N.Y., pp 421-463. 

P-secretase may also be ej^iressed in an insect systean. In one such system, 
Autographa califomica nuclear polyhedrosis virus (AcNPV) is used as a vector to express 
foreign genes in 5pa/o/>/era;higi>»rdaSi9 cells or in 7WcAo/?/usw larvae. The P-secretase 
coding sequence is cloned into a nonessential region of the virus, such as the polyhedrin gene, 
and placed under control of the polyhedrin promoter. Successful insration of Kv-SL coding 
sequence will render die polyhedrin gene inactive and produce recombinant virus lacking coat 
protein coat. The recombinant viruses are then used to mfect 5. >h/g97enrfaceto or 
Trichoplusia larvae in which p-secretase is expressed (Smith et al. (1983) J Virol 46:584; 
Engelhard EK et al. (1994) Proc Nat Acad Sci 91 :3224-3227). 

In mammalian host cells, a niimber of viral-based expression systems may be utilized. 
In cases where an adenovirus is used as an expression vector, a p-secretase codmg sequence 
may be ligated into an adenovirus transcription/translation complex consisting of the late 
promoter and tripartite leader sequence. Insertion in a nonessential El or E3 region of the 
viral genome will result in a viable virus capable of expressing the eazyme in infected host 
cells (Logan and Shenk (1984) Proc Natl Acad Sci 8 1 :3655-3659). In addition, transcription 
enhancers, such as the rous sarcoma vinis (RSV) enhancer, may be used to increase 
expression in mammalian host cells. 

Specific initiation signals may also be required for efficient translation of a P- 
secretase coding sequence. These signals include the ATG initiation codon and adjacent 
sequences. In cases wh»e p-secretase coding sequence, its initiation codon and upstream 
sequences are inserted into the ^propriate expression vector, no additional toanslational 
control signals may be needed. However, in cases where only coding sequence, or a portion 
thereof, is inserted, exogenous ti:anscriptional control signals including the ATG initiation 
codon must be provided. Furthermore, the initiation codon must be in the correct reading 
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Wtoe,«u«trar^ptionofthe<mUxeinsert. Exogenous transcriptional elements and 
uut.at.oncodonscanbeofvario«sorigins.bothnatundandsy^^^^ THe efficiency of 
expr^sionmay beeriumcedbytheinclusionof enhance. appn>pri^ 

use (ScharfD er «/. (,9W) Results ProbI Cell Diffi. 20:125^2; Bittner ^ 
in Enzymol 153:516-544). 

Host cells may contain the 



abov^bedconstructs. H^e host ceU can be a higher eukaryotic ceD. such as a 
n«anceU.oraioweredcaoroticcell.suchasayeas.ce^ 

effected by caldum phosphate tnuu^fection. DBAE-Dextnu, 
de<*opon.tion (Davis. Dibner. M. and Battey J. 0 

Bjology, or newer methods, including lipid transfection with -TUGENB" (Roche Molecuhr 
Biochenucals. Indianapolis. IN)or ••EFFECIENE" (Quiagen. Valencia. CA). or other DNA 
««™«^»o««"les..CeU.fiee.n«udationsyst^ 
15 PolypeptidesusingRNAsderivedfiomtheDNAconstracts. 

A host cell strain n«iy be chosen for its abiHty to modulate the expression of the 
inserted sequences or to process the expressed protdn in the desired fashion. Such 
modificadons of the protdn include, but axe not linuted to. acetylation. carboxylation. 
^^^^^•io'^Phosphorylation.lipidationandacylation.Post.^^^^ 
deavesa-prepro-formofthep^teinmayalsobein^^rtamforcorrec^ 
a^or function. For exan^le, in the case of p-secretase. it is like^^ 
^Q©N0:2istnmcated. so fluittheprotein begins at amino add 22.^ 
ID NO: 2. I>ifferenthostcelb»uchasCHO.HeUBHK.MIX3C.293.WD^ 
•^««'fi«<«»«'armachine.yandcharacteristicmechanisn^ 

actrntiesandmaybediosentoensu^theconectmodificationandproces^^ 

introduced, foreign protein. 

/-''»S-»<^.high-yieldproductionofrecombinantp«^^^^ 
be preferied. For example, cell Unes that stably express p-s^^ 

eeoientsandaselectablemaricergene: FoUowmgtheintrod^^^^^ 

al^wed to grow for 1 -2 days in an enriched media before they are switched to selective 

media. The purpose ofthe selectable marker is to confer resistance to selection. 
presence allows growth and recovery of cells that successfully express the introduced 
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sequences. Resistant clumps ofstablytnmsfomedcelk can be piolifei^^ 
culture techniques appropriate to the ceU type. For example, in experiments canied ou^. 

oveiexpression of the "452stop" fonn of the enzyme has 

beenadiieved. 

Host cells transfomed with a nucleotide sequence encoding p-secretase may be 
cultured under conditions suitable for the expr«adon and recover of the encoded protein 
fromceUculture. The protein or fiagmentthereofpioduced by a recombinant ceU may be 
secreted. membnm,^bound, or contained inttacellularly. depending on the sequence and/or 
the vector used As ^vill be understood by those ofsldll in the art. cxpresrionve^^ 
containing polynucleotides encoding p-secretase can be designed with signal sequences 

which dfaect secretion of p-secretase polypeptide through aprokaiyotic or euk^ 
membrane. 

p-secretase may also be expressed as a recombinant protein with one or more 
additionalpolypeptidedomainsaddedtofacilitateproteinpurification. Such purification 
1 5 faciUtating domains include, but are not limited to. metal chelating peptides such as histidin^ 
twtophan modules that aUow purification on immobilized metals, protein A domaim; that 

aUow purification on immobilized immunoglobulin, and the domamutUized in the FLAGS 
extension/affinity purification system (Immunex Corp, Seattie, Wash.). The inclusion of a 
protcaseHJleavable polypeptide linker sequence between the purification domain and p- 
secretaseisusefiil to fin^ilitate purification. One sudi expression vector provides for 
expression of a fiBion protem conqjrising p-secretase (ag. . a sotable p-«cretase fra^^^^ 
fUsedtoapolyhistidineregionseparatedbyancnterokuuusecleavagesite. ITiehistidine 
residues fecilitate purification on IMIAC (immobilized metal ion affinity chromatography, as 
described in Porath et al. (1992) Protein Expression and Purification 3:263-281) while tiie 
25 enterokinase cleavage site provides a means for isolating p-secretase fipm the fiision protein. 
PCJEX vectors (Promega. Madison. Wis.) may also be used to express foreign polypeptides as 
fiuaon proteins with glutatinone S-transferase (GSl^. In general, such fiision protein; are 

soluble and can easUy be pmifiedfiomlysed cells by adsorption to ligand-agarose beads 
(e.g.. glutaUiione-agarose in the case of GST-fiisions) followed by elution in the presence of 
30 fiee Ugand. 

FoUowing transformation of a suitable host strain and growth of the host strain to an 
appropriate cell density, tiie selected promoter is induced by appropriate means (e.g. . 
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ten^^ature shift or chenucal induction) and cd^ 
aictypicallyharvestedbycentrifugation.disniptedbyphysicalor 
r^niltogcmdecxtiactietainedfor&rtherpurifi^^^ Microbial cells employed in 
expression of proteins can be disrupted by any convenient method, including fieeze-thm 

cychng.sonication.mechanicaldisn,ption.or«seofcelllysingag«^ 
which are well know to those skilled in the art 

Necretase can be recovered and purified from recombinant cell cultures by any of a 
number of methods weU known in the art. or. prefe^ly. by the purification sc^^^ 
herem. Protein refoldmg steps can be used, as necessary, in completing co^ 

.^protein. Details ofmethodsforpurifymg naturally occurring^ 
of p-secretase are provided in the Examples. 

B. Methods ofSelecting p-secretase Inhibitors 

Methods for identifying molecule^.' suchas synthetic drugs, antibodies, peptides, or 
other rnoiecules. which have an inhibitory effect on the activity of P-secretase described herein 
generally referred to as inhibitors, antagonists or blockers of the enzyme, may include the steps 
of providrng a human p-secrotase. such as the p-secretase which comprises SEQ ID N0:2 SEO 
ID NO: 43, or ■ '. 



0 



' «> isolated protein, about 450 amino acid 

residues m length, which mchides an amino acid sequence that is at least 90% identical to 

SEQ ID NO: 75 163-423J including conservative substitirtions thereof, which e^^^^ 
sectetaseactivity,asdescribedherdn. n»e B-secrotase enzyme is contacted with a test 
compound to determine whetherithasamodulatingefrect on theactivityofthe^^ 
discussed below, and selecting from test compomids capable of modulating p-secretase 
activity. In particular, inhibitory compounds (antagonists) are useful in the tn^ent of 
du^ease conditions associated with amyloid deposition, particularly Alzheimer's disease 
Pcr^ skilled in tiie art will understand that such assays may be convenienUy transformed 
into kits. 

P«»^«^«^'y««eful screening assays employ ceUs which express both ^ 
APP. Such cells can be made recombinantly by co-transfection of the cells with 
polynucleotides encoding the proteins, as described in Section lU. above, or can be made by 
tn^sfectmg a cell which naturally contains one of the proteins with the second protein. In a 
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particular embodiment, such cells are grown up inmulti-weU culture dishes and axe exposed 
to VBtying concentrations of a test compound or compounds for a p:^<letcrmined period of 
tmie.M*ichcanbedeterminedempirically. Whole cell lysates. cultured media or cell 
membtanesaieassayedforp.secietaseactivity. Test compounds which significanUy inhibit 
5 »«^vitycomparedtocontrol(asdiscussedbelow)areconsiden^dthem^ 

Isolated p-secretase. its ligand-binding. catalytic, or immunogenic fragments, or 
oligopeptides thereof c« be used for saeeniag then«H«tic compounds i^ 
drug screening techniques. Hie protein employed in such a test may be membrane-bound 
See m solution, affixed to a soUd support, borne on a cell surfece. or located intracellularly. 
10 "n^fwrnationofbinding complexes between p^ectetasew^^ 

measured. Compounds that inhibit binding between P-secietase and its substrates, such as 
APPorAPPftagments.maybedetectedinsuchanassay. Preferably. enzymaUc activity wiU 
be momtored. and candidate compounds will be selected on the basi^ of ability to inhibit such 
activity. More specifically, a test compound will be consideied as an iriiibitor of p-secietase 
15 If the measmed P-secretase activity is significanUy lower than p-secretase activity measured 
in the absence of test compound. In this context, the term "significanUy lower" means Uut in 
the presence of tire test compound Ure enzyme disphys an enzymatic activity which, when 
compared to enzymatic activity measm«l m Uie absence of test compound, is measurably 
lower.wittd„UreconfidencelimitsofU.eassaymeUrod. Such measurements can be assessed 
byachan8einK,and/orV_singIeassayendpointanalysis.oranyotiiermeUrodsta^ 
mtheart. ExemptaxymeUiods for assaying P-secretase are provided in Example 4 herein. 

For examplejn Studies carried out — — 

• compounds 

w«e selected based on tireir abiUty to inhibit p.«cretase activity in the MBP-Cl 25 assay 
Compounds that inhibited Ure enzyme activity at a concentration low^tiran aborrt 50 ,rM 
25 were sdected for fiirther SCTeenrng. 



. "'««*^«*«^«™««iaiatttiepeptidecompounddescribedhereinasP10- 
P4'staD->V (SEQ ID NO: 72) is a reasom^ly potent inhibitor of Ure enzyme. Furtirer studies 
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based on Uris sequence and peptidomimetics of portions of Uris sequence have revealed a 
number of small molecule inhibitors. 



^1 



Random libraries of peptides or other compounds can also be screened for 
suitability as P-secretase inhibitors. Combinatorial libraries can be produced for many types 
of compounds that can be synthesized in a step-by-step fashion. Such compounds include 
polypeptides, beta-tum mimetics. polysaccharides, phospholipids, hormones, prostaglandins, 
steroids, aromatic compounds, heterocyclic compounds, benzodiazepines, oligomeric N- 
substituted glycines and oligocarbamates. Large combinatorial libraries of the compounds 
can be constructed by the encoded synthetic libraries (ESL) method described in Affymax. 
WO 95/12608. Affymax, WO 93/06121. Columbia University. WO 94/08051. Pharmacopeia, 
WO 95/35503 and Scripps. WO 95/30642 (each of which is incorporated by reference for all 
purposes). 

A preferred source of test compounds for use in screening for therapeutics or 
therapeutic leads is a phage display library. See, e.g.. Devlin. WO 91/18980; Key. BX. et 
al, eds.. Phage Display of Peptides and Proteins. A Laboratory Manual, Academic Press. San 
Diego.CA, 1996. Phage display is a powerful technology that allows one to use phage ' 
genetics to select and amplify peptides or proteins of desired characteristics from libraries 
containing lO'-lO' different sequences. Libraries can be designed for selected variegation of 
an amino acid sequence at desired positions, allowing bias of the Ubraiy towani desired 
characteristics. Libraries are designed so tiiat peptides are expressed fused to proteins that are 
displayed on the surface of the bacteriophage. The phage displaying peptides of the desired 
characteristics are selected and can be regrown for expansion. Since the peptides are 
amplified by propagation of the phage, the DNA from the selected phage can be readily 
sequenced facilitating rapid analyses of the selected peptides. 

Phage encoding peptide inhibitors can be selected by selecting for phage that bind 
specifically to P-secretase protein. Libraries are generated fused to proteins such as gene D 
that are expressed on tiie surface of the phage. The libraries can be composed of peptides of 
various lengtiis. linear or constirained by the inclusion of two Cys amino acids, fused to Uie 
phage protein or may also be fused to additional proteins as a scaffold. One may start with 
libraries composed of random amino acids or with libraries that are biased to sequences in tiie 
PAPP substiate surrounding tiie p-secretase cleavage site or preferably, to the D->V 
substituted site exemplified in SEQ ID NO: 72. One may also design libraries biased toward 
the peptidic inhibitors and substrates described herein or biased toward peptide sequences 
obtained from the selection of binding phage from tiie initial libraries provide additional test 
inhibitor compound. 
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populauon of phage encoding s„bs,™e peptide secuences is recovered. The I>NA in 
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the phage is sequenced to yield the substrate sequences. These substrates are then used for 
further development of pq)tidamimetics, particularly peptidomimetics having inhibitory 
properties. 

Combinatorial libraries and other compounds are initially screened for suitability by 
delCTinining their edacity to bind to, or preferably, to inhibit P-secretase activity in any of 
the assays described herein or otherwise known in the art Compounds identified by such 
screens are then further analyzed for potency in such assays. Inhibitor compounds can then 
be tested for prophylactic and therapeutic efScacy in transgenic animals predisposed to an 
amyloidogenic disease, such as various rodents bearing a human APP-containing transgene, 
fcg., mice bearing a 717 mutation of APP described by Games et al.. Nature 373: 523-527, 
1995 and Wadsworth et al. (US 5,81 1.633, US 5,604,131, US 5,720,936), and mice bearing a 
Swedish mutation of APP such as described by McConlogue et al. (US 5,612,486) and Hsiao 
et al. (U.S 5,877,399); Staufenbiel et al., Proa Natl AcacL Sci. USA 94, 13287-13292 (1997); 
Sturchler-Pierrat et al„ Proa NatL Acad. Sci, USA 94, 13287-13292 (1997); Borchelt et al.. 
Neuron 19, 939-945 (1997), all of which are incorporated herein by reference. 

Compounds or agents found to be efficacious and safe in such animal models will be 
fiirther tested in standard toxicological assays. Compounds showing aroropriate 
toxicological and pharmacokinetic profiles will be moved into human clinical trials for 
treatment of Alzheimer's disease and related diseases. The same screening ^proach can be 
used on other potential agents such as peptidomimetics described above. 

In general, in selecting therapeutic compounds based on the foregoing assays, it is 
usefiU to determine whether the test compound has an acceptable toxicity profile, eg., in a 
variety ofm vitro cells and animal model(s). It may also be usefiil to search the tested and 
idaitified compound(s) against existing compound databases to determine whether the 
compound or analogs thereof have been previously employed for pharmaceutical purposes, 
and if so, optimal routes of administration and dose ranges. Alternatively, routes of 
administration and dosage ranges can be determined empirically, using methods well known 
in the art (see, e.g., Bcnet, L.2., et ai Pharmacokinetics in Goodman & Oilman 's Uie 
Pharmacological Basis ofTher<^eutics, Ninth Edition, Hardman, J.G., et al,, Eds., McGraw- 
Hill, New York, 1966) applied to standard animal models, such as a transgenic PDAPP 
animal model (eg.. Games, D., et al. Nature 373: 523-527, 1995; Johnson-Wood, K.,et al., 
Proc. Natl. Acad. Sci. USA 94: 1550-1555, 1997). To optimize compound activity and/or 
specificity, it may be desirable to construct a library of near-neighbor analogs to search for 



amlogs »i,h g,,a,cr spccificily ,Mor acivi.y Methods for ■ ■ 

C. Inhibitors and Therapeucte fna.onaMibra.y fi«. 

3 in.ibiCcr;!'"""''^"^""*^ 

5 impossible .odeleT "' ''"^"- °P'™'-' i„ band, i, 

~ Z'„T r ' '° """Po-nds a,a, „ay differ in 2-D 

««a,sdescHh^„ ■ '■'^^'~""'°""''""='»»>'«i'n="y of the inhibitor 



«.h.b.,an, agents car, be discovennd b, an, „, U« 

o-a^oirh!::::::;::::;'--^^^^ 

fterapenUcindew.™: . P >^'* "eposttton. Tlte considerations concenring 



D. Methods of Diagnosis 

"la^iusea, ror example, there are forms of - 



" = P-e,a.e a„d,„r p™.„,er regions 
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thereot since it is apparent, in view of the teachings herein, that individuals vAo ovaexpress 
oftheenzymeorpossesscatalyticallymoreeffidentfcmnsoftheenzymewcnridbeffi^^^ 
pnxiucerelativelymoreAPpeptide. Support for this supposiUon is provided by the 

observation, reported herein, that the amount of p^n^ enzyme is rate 
production of in cells. 

Morespedfically.persons "uspected to have a predilection for developiqg for 
developi,gorwho already have the disease, as weU as members of thegenetalpopuMon. 
maybescreenedbyobtaininga8ampleoftheircells.whichmaybebloodcelh,orfibrobb^ 
for example, and testing the samples for the presence ofgenetiemutatiom in die 
gene.mcomparisontoSEQmNO:l<IescnT«dhe«in.forexample. Alternatively or m 
addihon. cells fiumsuchindividualscanbetestedforp-secretaseactiv^^^ Acconiing to this 
embodiment, a particular enqone preparation might be tested for increased affim^^ 
Vmax with respect to a p-secretase substrate such as MBP-C 125. as described herein, with 
comparisons made to the nomial range of values m«isured in the general population. 
Indmduals whose p-secretase activity is increased compared to normal values arc susceptible 
to developing Akheimer's disease or other amyloidogenic diseases involving deposition of 
APpqitide. 

E. Thoapeutic Animal Modds 

Certain transgenic and/or knockout animals that are also useful in the screening assays 
described herein can be created Of particular ■ 



useuatransgenic animal that overexpresses the p-secretase enzyme, such as by addh« 

addinonalcopyoflhemouse enzyme or by adding the human enzyme.' Such an animal 
be made according to meUiods weU known in the art (e.g.. Cocdell. US. Pat«t 5.387.742; 
25 Wadsworti. et al.. US 5.81 1.633. US 5.604.131. US 5.720.936; McConlogue et al.. US 

5.612,486; Hsiao et al..U.S 5.877.399; and "Manipulating tiie Mouse Embnro. A Laboratory 
Mamml." B. Hogan. F. Costantini and E. Lacy. Cold Spring HaAor Press. 1986)). 

substituting the oneormoreofUie constructs described wiU. respect to p-secretase. herein 
for the APP constmcts described in U>e foregoing references, all of which are incoq>orated by 
30 reference. 

An overexpressing p-secretase transgenic mouse will make higher levels of AP and 
sPAPP &om APP substrates than a mouse expressing endogenous p-sccretase. This would 

5^ 



fac,.„a,c analysis „r APP p..tessi„g a„d ,„hibi,io„ of ,ha, processing by candidate 
.h-pen,ic agen.. The eM,anced p^ducion „rAp peptide in „ice ,^gen,c for P-sec.,ase 
«n, a„„w accCeraUon of AD-ii.e pa,ho,„gy seen in APP ^ce. T.is re.n„ can 

beach.evcdb,ei.hercro.sing,hcNec.,aseexpressi„gnK,use„„,oan,ouscdisp,ayi„g 
AD-bke pathology (such as the PDAPP orHsiao .o.a, or b, creating . transgenic nrouse 

expressmg both the p-secn*,sc and APP transgcne. 

Sneh transgenic animals are used to seen for p.secretase inhibito,., with the 
ad^tage *a. they wi„ test the ability ofsuch inhibitots to gain entrance to the brain ^ ,o 
eriect inliibttion in vivo. 

10 



15 



0 



^»°^'«'"'™»kK»r,„ouse"i.which,hce„dog™».s«B,™eisd.ta 
~y(asdescdbedi«„SPa,«,K„,5.4«.,«.5,6„^,,^,,,3,, 

wluch »e .nc^porated by ,ef««,ce in a^irentt,.^) „ ,^ ^ 

^ Pa.cn. No. 4.9593n. which in i„co.p„.„ed by ^ 

Tc^Cb ^''""'™"'''''^'^'"*^''^''«'- « 

provide vahdanon of the patholodcal sen,-!,. <: ^ • 

foroth«-rf„. , race can also provide a sci»n 

forotherd™g,a,^,3„chasd..gs,pecifica..ydi.«,eda.Apdepo^Uonev«,«. 

^ n,ice pn>vidc a model of the potential efTccts of B-secretase 

■nhtbHors in vivo. ConrpaHson of the effects of p-secretase test inhibi.ors in vivo to the 

P^o^eofthe p-secretascknockoutcan help guide dmgdevelopment. For exanrple. the 
Pk-.>pe™ayor™ayno.includepathologies^duri„gdm^ , 

n r 1 T^'^"' -"'^ "^--'^ »"e 

-Id .nfer Utat thcdrug is interacting no^speoifically .ith a..,.ber ..^e, in Addition ,„ the 

P-retase target. Tissues r,on,«.Knocl=ou.c»,beused to set updr^gbindingassaysor to 
^ out expression cloning ,„ «„d «.e Uriels that are .sponsible for the« toxic e«-ec.s. 
Snch ,nfor„„.,„„ can ^ .„ ^ ^^^^ ^ 

« targe.. The Icnoelcout .ice will facilitate analyses of potential toxicides that are 

dtr d 

Zr pt'Tr " ^"'^-^ -^"^ '"^^'^ 

paltclarly useful .n distinguishing toxicity in an adul, animal Iron, e„,b,yonic 
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effects seen in the standard knockout. If the knockout confers fetal-lethal effects, the 
induwble knodcout will be advantageous. 

Methods and technology for developing knock-out mice have matured to thepoint 
that a number of commercial enterprises generate such mice on a contract basis (e.g., Lexicon 
5 Genetics, Woodland TX; CeU & Molecular Technologies, UvaUette. NJ; Crysalis. DNX 
Transgenic Sciences, Princeton. NJ). Methodologies are also available in the art (See GaUi- 
Taliadoros. I^. et al.. J. ImmmioL Meth. 181: M5, 1995). Briefly, a genomic clone of the 

enzymeofintcestisrequired. Where,- . the exons encoding the 

regionsofthe protein have been defiijed.it Is possible to achieve inactivatioikof4^ 
10 ^flHWtlurtherknowIedgeoftheregulatorysequea^ Specifically, 
a mouse strain 129 genomic Ubraiy can be screened by hybridization or PGR. using the 
sequence informaaon provided herein, according to methods well known in the art (Ausubel; 
Samhrook) The genomic clone so selected is then subjected to restriction mappmg and partial 
exonic sequencmg for confirmaUon of mouse homologue and to obtam information for 
1 5 knock-out vector construction. Appropriate regions are then sub-cloned into a 'Tcnock-ouf 
vectorcarryingaselectablemaricer,suchasavectorcariyinga«e</ cassette, whichrra^ 
cellsresistanttoaminoglycosideantibioticssuchasgentamycin. The construct is fiirlher 
engineered for disruption of the gene of interest, such as by insertion of a sequence 

replacement vector.inwhichaseIectablemaricer is inserted into an exonofthe gene, where 
serves as a mutagen, disiuptmg the coordinated transcription of the gene. Vectors are then 
engmeeied for transfection Into embryonic stem (ES) cells, and appropriate colonies ai« 
IsobtfeA Positive ES ceU clones are micro-injected into isolated host blastocysts t^ 
chimeric animals, which are tiien bred and screened for gemiline transmission of the mutant 



20 



25 



allele. 



■ P-sectetase knock-out mice can be 



generated such that the mutation is inducible, such as by inserting in tiie knocklout mice a lax 
regionflaridngthep-sccretasegeneregion. Such mice ate then crossed witii mice bearing a 
••Ore" gene under an inducible promoter, resulting in at lc;ast some off-spring bearing bofli tiie 
"Ore" and die lox constructs. When expression of "Cre" is induced, it serves to disrupt the 
30 geneflankedbythe/oxconstructe. Such a "Cre-lox" mouse is particularly useful, when it is 
suspected that the knock-out mutation may be lethal. In addition, it provides tiie opportunity 
for knocking out tiie gene in selected tissues, such as the brain. Methods for generating Cre- 
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lox c„,^,™,s are p^vided by U.S. Pa« ..959,3.7, i„o„n,omcd herein by reference, and 
are made on a c„„,rac,„al ba.is by Lexicon Genelics, Woodlands. T^, among o.he,.. 

Tl,e following examples illuslrale. bu, in no way are intended lo limi, ,he presen, 
invenlion. k 

Example I 

jglatipil 9f Codin. Seoii,^.^ f^. p..„.j, p jrrrrti ,1 
A. PCR Cloning 

Poly A. RNA f,™„ , MR human neuroblastoma cells was reverse .ranscribed nsing 
fte Perta-Elmer kit. Eight degenerate prime, pools, each 8 fold degenerate, encoding the 
N and C tcnninal p„„i„„s of the amino acid sequence obtained from the porffted ptotein 
were destgned (shown in Table 4; oligos 3407 through 3422)(SE01D NOS- 3 21, p™ • 
comp...cO.A.om,0ngofRKA.,.,n.;gC,„.:^^^ 

^eachd,^P(p,„s20pMadditio„al «om the t^erse transcriptase reaction). Perkin-Elmer 

TAQbutr^tftomA^pliTa^Gold kit. Per«„-E,mer.F„s.crCity.CA,.i„a25p, reaction 
volume. Each of oligomtcleotide primers 3407 thn,ugh 34 14 was used in eombination wio, 
each Of ohgos 34,5 through 3422 for a total for C4 reactions. Reactions were run on the 

Pe.km-Elmer7700Se<,uenceDe,ec,ionmachi„e„™,er,hefol,owi„ge„ndi,ions:IOminat 
95 C. 4 cycles of. 45 -Cannealing for , 5 second. 72 • C extension for 45 second and 95 -C 
denataration for ,5 seconds followed by 35 cycles u™ierd»same conditions with the 

exception thai the annealing temperature was raised to 55 T frh^r™ ■ 

^ • *>'5»cu lo d:> . ( J he foregoing conditions are 

refold ,0 herein as ••Reaction 1 conditions.-, PCR products wete visualized on 4% agarose 

gel (N^thcm btets, a™l a p,omi„« b^ of the expected size (6? bp) was seen in reactions. 

particularly with the primers 3515-3518 ThefiRVKK ^ 

lie 68 kb band was sequenced and the internal 

region coded forlhe expected amino acid «.n..«,oo tu- 

^ ammo acid sequence. This gave the exact DNA sequence for 

^2 bp of the internal region of this fragment. 

Additional sequence was deduced fiom the efficiency of various primer pools of 
discrete sequence in generating this PCR product. Primer pools 3419 to 3422 (SEQ ID 
NOS: 15-18) gave very poor or no product, whereas pools 3415 to 3418 (SEQ ID NOS: 
1 1-14 respectively) gave robust signal. The difference between these pools is a CTC (3415 
to 3418) (SEQ ID NOS: 11-14) vs TTC (3419 to 3422) (SEQ ID NOS: 15-18) in the 3" 
most end of the pools. Since CTC primed more efficiently we can conclude that the 
reverse complement GAG is the conect codon. Since Met coding is unique it was 
concluded that the following codon is ATG. Thus the exact DNA sequence obtained is: 



^ 'X^ °0C.^00 Am.OGCJ,0C.TTT.aTG.eMlMQ^ (SEQ ID NO 49) 
=^2«»-„oa..^„.. POKKOSPVHM V<SHQ,oLo 50). 

r ""^"-'""'O- ana 5- RACE PCR „„ «er 

S.nc.u„aege„,„,.,CRp^„„,„,„^,,„^^^ ^^^^ ^ 

>0 <»>»PP«'"".ate.hesi«ofU,efulII»ga,c.on=o,™css.g. 

NO. 20) crable 4) can be <»rted », „,tag 23 r^ce p™i«, oU^ ^ 35 (3, 

A™pl,Ta,®OoM.36cyclesof65"I5sec72°45sec95-f»., ,„ T 
mil. ano= D J '"^ « sec 95 for 15 sec. followed by 3 

20 ; '°''^""'™""^'™"'''^'«»'^P™i'--a«"«'d.a«.usedasa 

«ubs^for,»do,„pn„.„g.ogenera,,,^„,^„^^(,^ 

PCEK clone 27 shown ,„ Hos. ,2 ,3 (^.j, (seq n, no- 4g) 
"""'"eoell. clo.e pCEK done 27 
25 vecu>r ""^ »™™»' <»" M""^ in .he man.n.alia„ exp«sl„„ vector pCHQ 

«ola.edfio™p™^,„^„^__^^,^ •n.ecWngvec,orwaspCEK2(FIG 12) 



0 



pCEK2 

- .ou, Of five rracons were individually ligaled wiu, do„ble.„, (NoU and Xhol) 

5^ 



pCEk2 and subsequently transfonned into the E. Coli strain XL-10 Gold which is designed 
to accept very large plasmids. 

The fractions of transformed E. Coli were plated on Terr! f.c Broth agar plates 
contammg ampicilin and let grown for 1 8 hours. Each fraction yielded about 200 000 
coIon.es to give a total of one million colonics, m colonies were then scraped from the 
plates and plasmids isolated from them in pools of approximately 70.000 clone^pool. 
70.000 clones from each pool of the library was screened for the presence of theputalive D- 

se^^tase gene casing the diagnostic PCR reactionCdegeneratep^^ 
NO: 7) and 3417 (SEQ ID NO: 13) shown above). 

.on u^^'T ' ''"'""^ "^'"S ^ "^"^'^^^'^'^ P-«^ from 

a390 b.p. PCR product generated from clone 9C7E.35. For generation of a probe. PCR 
pnxluct was generated using 3458 (SEQ ID NO: 19) and 3468 (SEQ ID NO- 20) as 
pnmeis and clone 9C7E.35 (30 ng) as substrate. 

PCR product was used as a substrate for random priming to generate a radiolabeled • 
probe. 180.000clo.es fromthel.5kbpool(70.000originalclonesi„thispool). were 
screened by hybridization with the PCR probe and 9 positive clones identified. Four of these 
c ones were isolated and by restriction mapping these appear to encode two independent 
Conesof 4to5kb (clone 27) and 6 to 7 kb (clone 53) length. Sequencing of clone 27 
venf.ed that it contains a c pj^, ,3 (A-E) shows the sequence of 

PCEK clone27 (clone 27) (SEQ ID NO: 48). 



Table 4 



SEQ ID 
NO. 



3 

T 
T 
T 
T 
T 
9" 
To 



Pool No. 



3407 

3408 

3409 

3410 

3411 

3412 

3413 

3414 



Nucleotide Sequence 

(Degenerate substitutions are ..h^ wn in parentheses^ 



G.AGA.GAC.UA(UA).GA(G A).CC(AT).GAG.GAG.CC 



G.AGA.GAC:GA(UA).GA(GA).CC( AT).GAA.GAA.CC 
G.AGA.GAC.GA(UA).GA(GA).C C(AT).GAG.GAA.CC 
AGA.GAC.GA(GA).GA(GA).CC (CG).GA0.GAG.CC" 
AGA.GAC.GA(GA).GA(GA).CC (CG).GAA.GAG.CC 
AUA.GAC.GA(GA).GA(GA).CC (CG).GAA.GAA.CC' 
AGA.GAC.GA(GA).GA(GA).CC(CG).GAG.GAA.CC 



Example 2 

Screeqinp of human fetal hr^.>i c^NA lihr^iy 

neCMgenehumanfetalbrainRapid-Screei^^cDNALibxaryPanel^ 
96-wenfo„„ata„ayco„si«^^^ 

b™.„hb.^.Subp.atesa^avai,ab,eforeac^ 

^pZi^""^ unidirectionally inserted into the 

94 weUsfromtheniasterplate werescreenedusingPCR-TheRcaction 1 
CondiUons described in Example .1. above, were foUowed, using only primer. 3407 (SEQ 
ID NO: 3) and 3416 (SEQ ID NO: 12) with 30ng of plasmidDNA from each welL Two 
pools showed the positive 70bp band. TTie same primers and conditions were used to 
screen im ^. coli from each well of one of the subplates. E. coli from the single positive 
well was then plated onto LB/amp plates and single colonies screened using the same PGR 
condiUons. The positive clone, about 1Kb in size, was labeled 9C7E.35. It contained the 
onginal peptide sequence as well as 5' sequence that included a methionine. TTie 3' 
sequence did not contain a stop codon. suggesting that this was not a full-length clone, 
consistent with Northern blot data. 



o 



Example 3 

, PCR Cloni ng MethnrtQ 

''"^CE was used taexperin,c„B earned o„,i„.„pp„rtor,heprese„, invention ,0 
^"^et'.epolynuc.eo.ideencodingh^anp.™. Methods and eondi.i<.s 

app„p„a,efor,eplioa.i„gU,eexpeHme„,sdeseribedhereinand/o,de.en.ining 

P0.«de se,„e„ees enc^Ung additional ^embe. of .he nove, fa„,i,y ofaspa^y, 

..scribed he.i„ .3, be found, fo. exantple, in White, B.A.. ed., PCR Ooning 
P™.oeo,s;Hu.„anaPress.T6.owa.m. l997,„rAusubel,»,..,b„.hofwhiehare 
incorporated herein by reference. 

10 RT-PCR 

1^ .™«Hp«o. polj^e^e ehain .e,«^ 

sec, and a 72 C extension for 30 sec. 
dow.2l*'^°^°''^'^*''''*'*''<'^'°''°'^^-2S,w.s<urt,erb™k^ 

fh.g™« 0, u» p^„ed size (72 bp). al.h«.gh primers 3450.3453 (SBQ ID NOS- 32 and 35, 

»d3450.3455CSBQ,ONOS:32and37,,tsoa.up,ifleathes«nep,od^a<bei.«^r 

.fflc,e....A72bpPCRp„>^t„asob.ai.»db,au„iBea«o„o,eDKA*»uM..Zs.„d 

pn»a.,h™anne„.„a,eu,„ueswi.hp^3450(SBQn,NO:32,an.3454<SB^,^^^^^^^ 

5' and .TRArg pf^p 

Ends (McTprp""" '"^'"'^ '^P««-- 

Ends (RACE, PCR. and (non-coding) st™d for 5' RACE PCR we,e designed and 

■nade aeeord.hg to methods know,, .n ,he a„ ,e.«.. Prota,™. M. A . M. Dush and O R 



Martin (1988),"Rapid production of full-length cDNAs from rare transcripts: amplification using 
a single gene specific oligo-nucleotide primer." Proc. Natl. Acad. Sci. U.S.A. 85(23): 8998- 
9002.) The DNA primers used for this experiment (#3459 & #3460) (SEQ ED NOS: 36 and 39) 
are illustrated schematically in Table 4 and the exact sequence of these primers is presented in 
Table 3. These primers can be utilized in standard RACE-PCR methodology employing 
conmiercially available templates (e.g. Marathon Ready cDNA®, Clontech Labs), or custom 
tailored cDNA templates prepared from RNAs of interest as described by Frohman et al. (ibid.). 

In experiments carried out in support of the present invention, a variation of RACE was 
employed to exploit an IMR.32 cDNA library cloned in the retrovirus expression vector 
pLPCXlox, a derivative of pLNCX. As the vector junctions provide unique anchor sequences 
abutting the cDNA mserts in this library, they serve the purpose of 5* and 3' anchor primers in 
RACE methodology. The sequences of the specific 5* and 3* anchor primers we employed to 
amplify p-secrctase cDNA clones from the library, primers #3475 (SEQ ID NO: 40) and #3476 
(SEQ ID NO: 41), arc derived from the DNA sequence of the vector provided by Clontech Labs, 
Inc., and are shown in Table 3. 

Primers #3459 (SEQ ID NO: 38) and #3476 (SEQ ID NO: 41) were used for 3* RACE 
amplification of downstream sequences from our IMR-32 cDNA library in the vector 
pLPCXlox, The library had previously been sub-divided into 100 pools of 5,000 clones per pool, 
and plasmid DNA was isolated from each pool. A survey of the 100 pools with the primers 
identified as diagnostic for presence of the p-secrctase clone, according to methods described in 
Example 1, above, provided individual pools from the library for RACE-PCR. 100 ng template 
plasmid from pool 23 was used for PCR amplification with primers 3459 + 3476 (SEQ ID NOS: 
38 and 41 respectively). Amplification was carried out for 40 cycles using ampli-Taq Gold®, 
under the following conditions: denaturation at 95X for 1 min, annealing at 65**C for 45 sec., 
and extension at 72°C for 2 mm. Reaction products were fi^tionated by agarose gel 
chromatography, according to methods known in die art (Ausubel; Sambrook). 

An approximately 1.8 Kb PCR Augment was revealed by agarose gel fractionation of the 
reaction products. The PCR product was purified fiiom the gel and subjected to DNA sequence 
analysis using primer #3459 (SEQ ID NO: 38). The resulting sequence, designated 23A, and die 
predicted amino acid sequence deduced from the DNA sequence are shown in FIG. 5. Six of the 
first seven deduced amino-acids from one of the reading frames of 23 A were an exact match 
witii the last 7 amino-acids of the N-terminal sequence determined from the purified 
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protein, purified and sequenced in furtber experiments, 
— from natural sources. 
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Tables 



SEQID 
NO. 


DNA# 


NUCLEOTIDE SEQUENCE 


LAJMMnN lb 


22 


3427 


GAY GAR GA(^ nraj fZAfi r*A 




23 


3428 


GAY GAR GAG CCN GAa GA 




24 


3429 


GAY GAR GAa CCN GAa GA 




25 


3430 


GAY GAR GAa CCN GAa GA 




26 


3431 


RTTRTCNACCATTTC 




27 


3432 


RTTRTCNACCATcTC 




28 


3433 


TCN ACC ATY TCN ACA AA 




29 


3434 


TCN ACC ATYTCN ACG AA 




30 




ata ttctao a GAY GAR GAg CCa GAa GA 


5' prtmer, break down of 3428 w/S* Xbal tail 
1of4 


31 


3449 


ata fetaiLa GAY GAR GAg CCg GAa GA 


5" primer, break down of 3428 wt 5" Xbal tail. 

i£ OT 4 


32 


3450 


ata ttQ^SLd GAY GAR GAg CCc GAa GA 


%i iJiifnvT, uoaK □own OT o^£a w/ 0 ADai tail. 
3 of 4 


33 


3451 


dus no tau q OMT wv\ uv\g UUl GAa GA 


primer, break down of 3428 w/ 5* Xbal taO. 
4 of 4 


34 


3452 


aca C(iaattcTTRTCNACCATYTCaACAAA 


brBakdownof3433. 1of4:tm = 50 


35 


3453 


aca CflajaJt£ TT RTC NAC CAT YTC gAC AAA 


breakdown of 3433 w/ 5* Eco Rl tail, 2 of 4; 
tm = 50 


36 


3454 


aca CflaflfiLC IT RTC NAC CAT YTC cAC AAA 


breakdown of 3433 w/ 5' Eco Rl taH. 3 of 4: 
tm = 50 


37 


3455 


aca cflaM£ TT RTC MAC CAT YTC lAC AAA 


breakdown of 3433 w/ 5* Eco Rl taO. 4 of 4- 
tm = 50 


38 


3459 


aa gaG CCC GGC CGG AGG GGC A 


5' upper strand primer for 3' race encodes 
eEPGRRG 


39 


3460 


aaa GCT GCC CCT CCG GCC GGG 


3' tower strand primer for 5* RACE 


40 


3475 


AGC TCG TTT AGT GAA CCG TCA GAT CG 


plJ^CXS' primer 


41 


3476 


ACC TAC AGG TGG GGT CTT TCA TTC CC 


pLNCX, 3' primer 



Example 4 

&-secretase Inhibitor Asmvs 
Assays for measuring P-secretase acrivity are well known in Ac art. Particulariy 
usefW assays, summarized below, are detailed in allowed VS. Patent 5,744.346, incoiporated 
herein by refoence. 
A. Prq)aration of MBP-C125SW 

1. Preparation of cells 

Two 250 ml cell culture flasks containing 50 ml LBamplOO per flask were seeded 
with one colony per flask of E. coli pMAL-C125SW cl. 2 (E. coli expressing MBP-C125sw 
fusion protein) . Cells wwe allowed to grow overnight at iTC. Aliqouts (25 ml) were 
seeded in 500 ml per flask of LBamplOO in 2 liter flasks, which were then aUowed to grow at 
30". Optical densities were measured at 600 nm (OD«o) vs LB broth; 1.5 ml lOOmM IPTG 
was added when the OD was "0.5. At this pomt, a pre-incubation aUqout was removed for 
SDS-PAGEC-I"). Ofthisaliqont.0.5mlwascentrifugedforlmininaBeckman 
microfuge. and the resulting pellet was dissolved in 0.5 ml 1 x LSB. The cells were 
incubated/induced for 5-6 hours at 30 C, after which a post-incubation aUquot ("+!-) was 
nanoved. Cells wc»e then centrifiiged at 9,000 rpm m a KA9.1 rotor for 10 min at 4» C. 
Pellets were retained and stored at -20 C. 
2. Extraction ofbacterial cell pellets 

Frozen ceU pellets were resuspcnded in 50 ml 02 M NaCl, 50mM Tris. pH 7.5, then 
sonicated in rosette vessal for 5 x 20 sec bursts, with Imin rests between bunsts. The extract 
was centrifiiged at 16,500 ipm in a KAia.5 rotor 30 min (39,000 x g). Using pipette as a 
pesUe, the sonicated pellet was suspended in 50 ml urea extraction buffer (7.6 M urea, 50 mM 
Tris pH 7.5, 1 mM EDTA, 0.5% TX-lOO). The total volume was about 25 ml per flask. The 
suspension was then sonicated 6x 20 sec, with 1 min rests between burets. The suspension 
was then centrifuged again at 16,500 ipm 30 min in the KA18.5 rotor. The resulting 
supernatant was added to 1.5 L of buffer consisting of 0.2 M NaQ 50 mM Tris buffer. pH 
7.5. with 1% Triton X-100 (0.2M NaCl-Tris-l%Tx), and was stirred gently at 4 degrees C 
for 1 hour, foUowed by centrifiigation at 9,000 ipm in KA9.1 for 30 min at 4°C. The 
supernatant was loaded onto a column of washed amylose (100 ml of 50% sluiry; New 
England BioLabs). The column was washed with 0.2 M NaCl.Tris-l%TX to basehne (+10 
cohmm volumes), Uien with 2 column volumes 0.2M NaCl-Tris-1% reduced Triton X-100. 



The protein was then eluted with i n i- - ' 

Mguo„i.ne„e.0.5o.TX roZ^ An e,ua, volume of 0 
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1 g^tcr sodium phosphate monobasic, 10.8 g/liter sodium phosphate dibasic, 25 g/liter 
sucrose, 0.5 g/Iiter sodium azide, pH 7.4. Appropriately diluted P-secretase enzyme (5 ^l) 
was mixed with 2.5 fil of 2.2 \M MBP-C125sw substrate stock, in a 50 fil reaction mixture 
with a final buffer concentration of 20 mM acetate buffer, pH 4.8, 0.06% Triton X-1 00, in 
5 individual wells of a 96-well microtiter plate, and incubated for I hour at 37 degrees C. 
Samples were then diluted 5-fold with Specimen Diluent (0.2 g/1 sodium phosphate 
monobasic, 2.15 g/1 sodium phosphate dibasic, 0.5 g/1 sodium azide, 8.5 g/1 sodium chloride, 
0.05% Triton X-405, 6 g/1 BSA), furthar diluted 5-10 fold into Specimai Diluent on anti- 
MBP coated plates, and incubated for 2 hours at room temperature. Following incubations 

10 with samples or antibodies, plates were washed at least four times in TTBS (0.15 M NaCl, 50 
mM Tris, ph&.5, 0.05% Tween-20). Biotinylated SW192 antibodies were used as the 
reporter. SW192 polyclonal antibodies were biotinylated using NHS-biotin (Pierce), 
following the manufacturer's instruction. Usually, the biotinylated antibodies were used at 
about 240 ng^l, the exact concentration varying with the lot of antibodies used. Following 

15 incubation of the plates with the rqjorter, the ELISA was developed using streptavidm- 

labeled alkaline phosphatase (Boraringcr-Mannheim) and 4-methyl-umbelliferyl phosphate as 
fluorescent substrate. Plates were read in a Gytofluor 2350 Fluorescent Measurement 
System. Recombinantly generated MBP-26SW (product analog) was used as a standard to 
generate a standard curve, which allowed the conversion of fluorescent units into amoimt of 

20 product generated. 

This assay protocol was used to screen for inhibitor structures, using "libraries" of 
compounds assembled onto 96-well microtiter plates. Compounds were added, in a final 
concentration of 20 /ig/ml in 2% DMSO, in the assay format described above, and the extent 
of product generated compared with control (2% DMSO only) P-secretase incubations, to 

25 calculate "% inhibition." "Hits" were defined as compounds which result in >35% inhibition 
of oizyine activity at test concentration. This assay can also be used to provide ICy^ values 
for inhibitors, by varying the concentration of test compund over a range to calculate ftom a 
dose-response curve the concentration required to inhibit the activity of the enzyme by 50%. 
Generally, inhibition is considered significant as compared to control activity in this 

30 assay if it results in activity that is at least 1 standard deviation, and preferably 2 standard 

deviations lower than a mean activity value determined over a range of samples. In addition. 



areductionofactivity thai is greater than about 25%. and preferably gre^ 
of control activity may also be considered significant 

Using the foregoing assay system. 24 "hits" were identified (>30% inhibition at 50 
concentration) fiiom the first 6336 compounds tested (0.4% hit rate). Of these 12 
compounds had IQoS less than 50 jiM. including re-screening in the P26-P4-sw assay, below. 

El^?A'^m The P26-P4'sw substrate is a biotin-Iinked peptide of the sequence 
(biotin)CGGADRGLTrRPGSGL-miKTEEISEVNLDAEF (SEQIDNO: 63).nieP26-PI 
standard has the sequence (biotin)CGGADRGLTniPGSGL'miKTEEISEVNL (SEQ ID 
NO: 64), where the N-terminal "CGG" serves as a linker between biotin and the substrate in 
both cases. Peptides were prepared by Anaspec. Inc. (San Jose. CA) using solid phase 
synthesis with boc-amino acids. Biotin was coupled to the terminal cysteine sulihydryl by 
Anaspec Inc. after synthesis of the peptide, using EZ-Unk lodoacetyl-LC-Biotin (Pieree). 
Peptides are stored as 0.8- 1 .0 mM stocks in 5 mM Tris. with the pH acUucted to around 
neutral (ipH 6.5-7.5) with sodium hydroxide. 

For the enzyme assay, the substrate concentration can vary ftom 0 - 200 nM. 
Specifically for testing compounds for inhibitory activity, substrate concentration is 1 .0 ^. 
Compounds to be tested were added in DMSO, with a final DMSO concentration of 5%; in 
such experiments, the controls also receive 5% DMSO. Concentration of enzyme was v^ed. 
to give product concentrations within the linear range of the ELISA assay (125 - 2000 pM. ' 
after dilution). These components were incubated in 20 mM sodium acetate. pH 4 J. 0.06% 
Triton X-100. at 37 for 1 to 3 hours. Samples were diluted 5-fold in specimen diluent 
(145.4 mM sodium chloride. 9.51 mM sodium phosphate. 7.? mM sodium azide. 0.05% 
Triton X-405. 6 gmmter bovine serum albumin. pH 7.4) to quench the reaction, then diluted 

farther for the ELISA as needed. For the EUSA.CostarffighBinding96-weUassayplates 
(Coming. Inc.. Cormng, NY) were coated with S W 192 monocloma antibody ftom clone 
16A7. or a clone of similar afiSnity. Biotin-P26-P4' standaids were diluted in specimen 
diluent to a final concentration of 0 to 2 nM. Diluted samples and standards (100 ti\) are 
incubated on the S Wl 92 plates at 4 » C for 24 hours. The plates are washed 4 times in TTBS 
buffer (150 mM sodium chloride. 25 mM Tris, 0.05 % Tween 20. pH 7.5). then incubated 
with0.1 mlAvell of streptavidin - alkaline phosphatase (Roche Molecular Biochemicals 
Indianapolis. IN) diluted 1 :3000 in specimen diluent After incubating for one hour at room 
temperature, the plate was washed 4 times in TTBS. as described in the previous section, and 
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incubated with fluorescent substrate solution A (31.2 gm/Uter 2-amino-2-mcthyl-l-propanol. 
30 mg/liter, adjusted to pH 9 J with HCl). Fluorescent values were read after 30 minutes. 



C. Assays using Syndietic01igopq)tide Substrates 

This assay format is particularly useful for measuring activity of partially purified p- 
seoetase preparations. Synthetic oligopeptides are prepared which incorporate the known 
cleavage site of p-secretase, and optional detectable tags, such as fluorescent or chromogenic 
moieties. Examples of such peptides, as well as their production and detection methods are 
described in allowed U.S. Patent 5,942,400, herein incorporated by reference. Qeavage 
products can be detected using high performance liquid chromatography, or fluorescent or 
chromogenic detection methods appropriate to the pqitide to be detected, according to 
methods well known in the art. By way of example, one such peptide has the sequence 
SEVNL DAEF (SEQ ID NO: 52), and the cleavage site is between residues 5 and 6. 
Anotiier preferred substrate has the sequence ADRGLTTRPGSGLTNIKTEEISEVNLDAE F 
(SEQ ID NO: 53), and tiie cleavage site is between residues 26 and 27. 

D. P-secretase Assays of Crude Cell or Tissue Extracts 

Cells or tissues were extracted in extinction buffer (20 mM HEPES, pH 7.5, 2 mM 
EDTA, 02% Triton X-100, 1 mM PMSF, 20 Mg/ml pepstatin, 10 ^g/nll E^). The volume 
of extraction buffer will vary between samples, but should be at least 200^1 per 10* cells. 
Cells can be su^ended by trituration with a micropipette, while tissue may require 
homogenization. The suspended samplds were incubated for 30 minutes on ice. If necessary 
to allow pipetting, unsolubilized material was removed by centrifugation at 4 degrees C, 
1 6,000 X g (14,000 rpm in a Beckman microfuge) for 30 minutes. The supanate was assayed 
by dUution into the final assay solution. The dilution of extract wiU vary, but should be 
sufHcient so that the protein concentration in tiie assay is not greater than 60 jig/tel. The assay 
reaction also contained 20 mM sodium acetate, pH 4.8, and 0.06% Triton X-100 (including 
Triton contributed by die extract and substrate), and 220 - 110 nM MBP-C125 (a 1:10 or 
1:20 dilution of the 0.1 mg/ml stock described in the protocol for substrate prqjaiation). 
Reactions were incubated for 1 - 3 hours at 37degrees C before quenching with at least 5 - 
fold dilution in spechnen diluent and assaying using tiie standard protocol. 
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Examples 
Purification of ^secretase 



A. Purificarion of Naturally OccuningP-secretase 

Human 293 cells were obtained and processed as described in U.S. Patent 5,744^46, 
incoiporated herein by reference. (293 cells are available fiom the American Type Culture 
Collection, Manassas, VA). Frozen tissue (293 cell paste or human brain) was cut into pieces 
and combined with five volumes of homogenization buffer (20 mM Hepes, pH 7.5. 0.25 M 
sucrose. 2 mM EDTA). The suspension was homogenized using a blender and centrifuged at 
16,000 X g for 30 min at 4''C. The supematants wwe discarded and the pellets were 
suspended in extraction buffer (20 mM MES, pH 6.0. 0.5% Triton X-100. 150 mM NaCl, 
2 mM EDTA. 5 fig/ml leupeptin, 5 ^tg/ml E64, 1 ^g/ml pepstatin. 0.2 mM PMSF) at the 
original volume. After vortex-mixing, the extraction was completed by agitating the tubes at 
4«C for a period of one hour. The mixtures were centrifuged as above at 16.000 x g, and the 
supematants were pooled. The pH of the extract was adjusted to 7.5 by addmg -1% (v/v) of 
1 M Tris base (not neutralized). 

The neutralized extract was loaded onto a wheat germ agglutinin-agarose (WGA- 
agarose) column pre-equihbrated with 10 cohmm volumes of 20 mM Tris, pH 7.5, 0.5% 
Triton X-100, 150 mM NaCl. 2 mM EDTA, at 4°C. One milliliter of the agarose resin was 
used for every 1 g of original tissue used. The WGA-column was washed with 1 column 
volume of the equiUbration buffer, then 10 volumes of 20 mM Tris, pH 7.5, 100 mM NaCI, 2 
mM NaCl, 2 mM EDTA, 0.2% Triton X-100 and then eluted as foUows. Three^iuarter 
column volumes of 10% chitin hydrolysate in 20 mM Tris, pH 7.5, 0.5%, 150 mM NaCl, 
0.5% Triton X-100, 2 mM EDTA were passed through the column after \t*ich the flow was 
stopped for fifteen minutes. An additional five column volumes of 10% chitin hydrolysate 
solution were then used to elute the column. All of the above eluates were combined (pooled 
WGA-eluate). 

The pooled WGA-eluate was diluted 1 :4 with 20 mM NaOAc, pH 5.0. 0.5% Triton 
X-100. 2 mM EDTA. The pH of the diluted solution was adjusted to 5.0 by adding a few 
drops of glacial acetic acid while monitoring the pH. This "SP load" was passed through a 5- 
ml Pharmacia HiTr^ SP-column equiUbrated with 20 mM NaOAc, pH 5.0, 0.5% Triton 
X-100, 2 mM EDTA, at 4 mlAnin at 4''C. 



The foregoing methods provided peak activity having a specific activity of greater 
than 253 nM product/ml/h/ng protein in the MBP-C125-SW assay, where specific activity is 
determined as desCTibed below, with about 1500-fold purification of the protcia Specific 
activity of the purified P-secretase was measured as follows, MBP C125.SW substrate was 
combined at approximately 220 nM in 20 mM sodium acetate, pH 4.8, with 0.06% Triton 
X-IOO. The amount of product generated was measured by the p-secretasc assay, also 
described below. Specific activity was then calculated as: 

Specific AcUvity« fProduct cone . nMVDilnHnp f^ ^^^^^ ) 

(Enzyme sol, vol)(Incub, time h)(Enzyme cone, mg^vol) 

The Specific Activity is thus expressed as pmoles of product produced per fig of p- 
secretase per hour. Further purification of human brain enzyme was achieved by loading the 
SP flow through fraction on to the P10.P4'sta D->V affinity column, according to the gcnwal 
methods described below. Results of this purification step are summarized in Table 1, above. 

B. Purificationofp-secretasefiom Recombinant Cells 

Recombinant cells produced by the methods described herein generally were made to 
over-express the enzyme; that is, they produced dramatically more enzyme per cell than is 
found to be cndogenously produced by the cells or by most tissues. It was found that some 
of the steps described above could be omitted fiom the prq>aration of purified enzyme under 
these circumstances, with the result that even higher levels of purification were achieved. 

CosA2 or 293 T cells transfected with P-secretase gene construct (see Example 6) 
were pelleted, fiozen and stored at -80 degrees until use. The cell pellet was resuspended 
by homogenizing for 30 seconds using a handheld homogenizer (0.5 ml/pellet of 
approximately 10* cells in extraction buffer consisting of 20 mM TRIS buffer, pH 7.5, 2 mM 
EDTA, 0.2% Triton X-100, plus protease inhibitors: 5 ^g/ml E-64, 10 fig/ml pq)statin, 1 mM 
PMSF), ccntrifijged as maximum speed in a microfiige (40 minutes at 4 degrees C). Pellete 
were suspended in original volume of extraction buffer, then stirred at 1 hour at 4 degrt^ C 
with rotation, and centrifiited again in a microfiige at maximum speed for 40 minutes. The 
resulting supernatant was saved as the ^'extract" The extract was then diluted with 20 mM 
sodium acetate. pH 5.0, 2 mM EDTA and 0.2% Triton X-100 (SP buffer A), and 5M NaCl 
was added to a final concentration of 60 mM NaCl. The pH of the solution was then adjusted 



to pH 5.0 with glacial acetic acid diluted 1 : 10 in water. Aliquots were saved ("SP load^. The 
SP load was passed through a 1 ml SP HiTrap column which was pre-washed with 5 ml SP 
bufferA. 5 ml SP buffer B(SP buffer A with 1 MNaCl) and 10 ml SP buffer A. An 
additional 2 ml of 5% SP buffer B was passed through the column to dissplace any remaining 
5 sample fiom the column. The pH of the SP flow-through was adjusted to pH 4.5 with lOX 
dUuted acetic acid. This flow-through was then appliedto aP10-P4'staD->V.Sephan)se 
Affinity column, as described below. The column (250 ill bed size) was pre^uiUbrated 
with at least 20 column volumes of equUibration buffer (25 mM NaCl, 0.2% Triton X-lOO, 
0.1 mM EDTA, 25 mM sodium acetate. pH 4i). then loaded with the dUuted supernatant. 

10 After loading, subsequent steps were earned out at room temperature. The column was 

washed with washing buffer (125 mM NaCl, 0.2% Triton X-100, 25 ri>M sodium acetate, pH 
4.5) before addition of 0.6 column bed volumes of borate elution buffer (200 mM NaCl, 0.2% 
reduced Triton X-100, 40 mM sodium borate. pH 9.5), The column was then capped, and an 
additional 0.2 ml elution buffer was added. ITie column was allowed to stand for 30 minutes. 

15 Two bed volumes ehition buffer were added, and column fi»:tions (250 til) were collected. 
The protein peak eluted in two fiactions. 0.5 ml of 10 mgAnl peptstatin was added per 
milliliter of collected fractions. 

Cell extracts made fiom celb transfected with foil length clone 27 (encoding SEQ ID 
NO: 2; 1-501). 419stop (SEQ ID NO:57) and 452stop (SEQ ID NO: 59) were detected by 

20 Western blot analysis using antibody 264A (polyclonal antibody directed to amino adds 46- 
67 of P-secretase with reference to SEQ ID NO: 2). 

Example 6 

Preparation of Heterologous Cells Expressing Recombinant P-seoetase 

25 

Two separate clones (pCEKclone27 and pCEKclone53) were transfected into 293T or 
C0S(A2) cells using Eugene and Effectene methods known in the ait. 293T cells were 
obtained fiom Edge Biosystems (Gaitiiersbnrg. MD). They are KEK293 cells transfiscted 
with SV40 large antigen. C0SA2 are a subclone of COSl ceUs; subcloned in soft agar. 

fuQENPMgftpd : 293T cells were seeded at 2xl0» cells per well of a 6 weU culture 
plate. FoUowing overnight growth, cells were at approximately 40-50% confluency. Media 
was changed a few hours before transfection (2 mVwell). For each sample. 3 jil of FuGENE 
6 Transfection Reagent (Roche Molecular Biochemicals, Indianapolis, IN) was diluted into 
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0.1 ml of senun-free culture medium (DME with lOmMHepcs) and incubated at room 
temperature for 5 min. One microgram of DNA for each sample (0.5-2 mg/ml) was added to 
a separate tube. The diluted FuGENE reagent was added drop-wise to the concentrated DNA. 
After gentle tqiping to mix. this mixture was incubated at room temperature for 15 minutes. 
The mixture was added dropwise onto the cells and swirled gently to mix. The cells were 
then incubated at 37 degrees C. in an atmosphere of 7.5% CO,. TTie conditioned media and 
cells were harvested after 48 hours. Conditioned media was collected, centrifiiged and 
isolated fiom the pellet Protease inhibitors (5 |igAnl E64, 2 ^g/ml peptstatin, 0.2 mM 
PMSF) were added prior to fixsczing. The cell monolayer was rinsed once with PBS, tehn 0.5 
ml of lysis buffer (1 mM HIPIS, pH 7.5. 1 mM EDTA. 0.5% Triton X-IOO. 1 mM PMSF. 10 
Hg/ml E64) was added. The lysatc was fiozen and thawed, vortex mixfcd. then centrifiiged. 
and the supernatant was frozen until assayed. 

EffwtiYgMeth(>d . DNA (0.6ng) was added with "EFFECTENE" reagent (Qiagen. 
Valencia. CA) mto a 6-well culture plate using a standard transfection protocol according to 
manufacturer's instructions. Cells were harvested 3 days after transfection and the cell pellets 
were snap fiozen. Whole cell lysates were prepared and various amounts of lysate were 
tested for P-secretase activity using the MBP-C1258W substrate. FIG. MB shows the 
results of these experiments, in which picomoles of product formed is plotted against 
micrograms of COS cell lysate added to the reaction. The legend to the figure describes the 
enzyme source, where activity fix)m cells transfected with DNA from pCEKclone27 and 
PCEKclone53 (clones 27 and 53) using Effective are shown as closed diamonds and soUd 
squares, respectively, activity fiom cells transfected with DNA fiom clone 27 prepared with 
FuGENE are shown as open triangles, and mock transfected and control plots show no 
activity (closed triangles and "X" markers). Values greater than 700 pM product are out of 
25 the linear range of the assay. 



Example 7 

Preparation of P10-P4'sta(D->V) Sepharose Affinity Matrix 
30 A. Preparation of P10-P4'sta(D.>V) inhibitor peptide 

P10-P4'sta(D->V) has the sequence NH,-KTEEISEVN[sta]VAEF-COOH (SEQ ID 
NO: 72). where "sta" represents a statine moiety. The synthetic peptide was synthesized in : 
peptide synthesizer using boc-protected amino acids for chain assembly. All chemicals. 
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10 Exanq»le8 
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Claims 



1 . A p-secretase enzyme protein purified to apparent homogeneity from a mouse 
such that a sample containing the protein shows a single protein band on a silver 
stained polyacrylamide electrophoretic gel. 

2. The protein of claim 1 , wherein said protein has the sequence SEQ ID NO: 65. 



